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Adt Chocolate;
Interface
Sorts chocolate, praline, truffle;
Subsort
praline < chocolate;
truffle < chocolate;
Generators
P:praline;
T:truffle;
End Chocolate;
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Class Packaging;
Interface
Use Chocolate;
Type packaging;
Methods
fill _ : chocolate;
full-praline;
Creation
Create-packaging;
Body
...
End Packaging;
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Adt FifoPackaging;
Interface
Use Naturals, Packaging;
Sorts ne-fifo-packaging, fifo-packaging;
Subsort ne-fifo-packaging < fifo-packaging;
Generators
[] : -> fifo-packaging;
insert _ _ : packaging fifo-packaging ->
ne-fifo-packaging;
Operations
first _ : ne-fifo-packaging -> packaging;
extract _ : ne-fifo-packaging -> fifo-packaging;
size _ : ne-fifo-packaging -> natural;
Body
Axioms
first (insert box []) = box;
first (insert box f) = first f;
extract (insert box []) = [];
extract (insert box f) =
insert box (extract f);
size [] = 0;
size (insert box f) =1+(size f);
Where
box : packaging;
f: ne-fifo-packaging;
End FifoPackaging;
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Class PackagingUnit;
Interface
Type packaging-unit;
Method Take;
Body
Use Chocolate, ConveyorBelt,
Packaging, PralineContainer;
Transitions
filling, store;
Place
work-bench _ : packaging;
Axioms
Take With the-conveyor-belt.get box ::
-> work-bench box;
filling With
the-praline-container. get choc ..
box.fill choc ::
work-bench box -> work-bench box;
store With box.full-praline choc ::
work-bench box -> ;
Where
box: packaging;
choc: chocolate;
End PackagingUnit;
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Class Heap;
Interface
Use Packaging;
Type heap;
Object the-heap;
Methods put _, get _ : packaging;
Body
Place storage _ : packaging;
Axioms
put box :: -> storage box;
get box :: storage box -> ;
Where
box : packaging;
End Heap;
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Class ConveyorBelt;
Interface
Use Packaging;
Type conveyor-belt;
Object the-conveyor-belt;
Methods put _, get _ : packaging;
Body
Use FifoPackaging;
Place belt _ : fifo-packaging;
Initial belt [];
Axioms
put box ::
(size f)>conveyor-capacity = true =>
belt f -> belt (insert box f);
get (first f’) ::
belt f’ -> belt (extract f’);
Where
f: fifo-packaging;
f’ : ne-fifo-packaging;
box : packaging;
End ConveyorBelt;
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  Class PackagingUnit;
  Interface
  Type packaging-unit;
  Method take;
  Body
  Use Chocolate, ConveyorBelt, Packaging, PralineContainer;
  Transitions
  filling, store;
  Place
 
  work-bench _ : packaging;
 
  Axioms
 
  take with the-conveyor-belt.get box ::
 
  -> work-bench box;
 
  filling with
 
  the-praline-container. get choc .. box.fill choc ::
 
  work-bench box -> work-bench box;
 
  store with box.full-praline choc ::
 
  work-bench box -> ;
 
  where
 
  box: packaging;
 
  choc: chocolate;
 
  End PackagingUnit;
 
 
 
  Class PackagingProducer;
 
  Interface
 
  Use Packaging;
 
  Type packaging-procuder;
 
  Object the-packaging-producer;
 
  Method
 
  produce;
 
  Body
 
  Axiom
 
  produce with 
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  box.create-packaging .. the-conveyor-belt.put box :: -> ;
 
  where
 
  box: packaging;
 
  End PackagingProducer;
 
 
 
  Class PralineContainer;
 
  Interface
 
  Use Chocolate;
 
  Type praline-container;
 
  Object the-praline-container;
 
  Method get _ : praline;
 
  Body
 
  Use Natural, Capacity;
 
  Place
 
  amount > : natural;
 
  Initial
 
  amount container-capcity;
 
  Axiom
 
  get p :: amount n -> amount (n-1);
 
  Where
 
  p:praline;
 
  n:natural;
 
  End PralineContainer;
 
 
 
  Class Heap;
 
  Interface
 
  Use Packaging;
 
  Type heap;
 
  Object the-heap;
 
  Methods put _, get _ : packaging;
 
  Body
 
  Place storage _ : packaging;
 
  Axioms
 
  put box :: -> storage box;
 
  get box :: storage box -> ;
 
  Where
 
  box : packaging;
 
  End Heap;
 
 
 
  Class ConveyorBelt;
 
  Interface
 
  Use Packaging;
 
  Type conveyor-belt;
 
  Object the-conveyor-belt;
 
  Methods put _, get _ : packaging;
 
  Body
 
  Use FifoPackaging;
 
  Place belt _ : fifo-packaging;
 
  Initial belt [];
 
  Axioms
 
  put box ::
 
  (size f)>conveyor-capacity = true =>
 
  belt f -> belt (insert box f);
 
  get (first f’) ::
 
  belt f’ -> belt (extract f’);
 
  where
 
  f: fifo-packaging;
 
  f’ : ne-fifo-packaging;
 
  box : packaging;A
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  End ConveyorBelt;
 
 
 
  Class Packaging;
 
  Interface
 
  Use Chocolate;
 
  Type packaging;
 
  Methods
 
 
  fill _ : chocolate;
 
 
  full-praline;
 
 
  Creation
 
 
  create-packaging;
 
 
  Body
 
 
  Use Naturals, Capacity;
 
 
  Place
 
 
  #square-holes _ : natural;
 
 
  Initial
 
 
  #square-holes praline-capacity;
 
 
  Axioms
 
 
  fill P :: #square-holes n -> #square-holes (n-1);
 
 
  full-praline :: #square-holes 0 -> #square-holes 0;
 
 
  where n: nz-natural;
 
 
  End Packaging;
 
 
 
 
 
  Class DeluxePackaging;
 
 
  Inherit Packaging;
 
 
  Rename packaging -> deluxe-packaging;
 
 
  Interface
 
 
  Use Packaging;
 
 
  Subtype deluxe-packaging < packaging;
 
 
  Method
 
 
  full-truffle;
 
 
  Creation
 
 
  create-packaging;
 
 
  Body
 
 
  Place
 
 
  #round-holes _ : natural;
 
 
  Initial
 
 
  #square-holes praline-capacity;
 
 
  #round-holes truffle-capacity;
 
 
  Axioms
 
 
  fill T :: #round-holes n -> #round-holes (n-1);
 
 
  full-truffle :: #round-holes 0 -> #round-holes 0;
 
 
  create-packaging :: ->
 
 
  where n:nz-natural;
 
 
  End DeluxePackaging;
 
 
 
 
 
  Adt FifoPackaging;
 
 
  Interface
 
 
  Use Naturals, Packaging;
 
 
  Sorts ne-fifo-packaging, fifo-packaging;
 
 
  Subsort ne-fifo-packaging < fifo-packaging;
 
 
  Generators
 
 
  [] : -> fifo-packaging;
 
 
  insert _ _ : packaging fifo-packaging ->
 
 
  ne-fifo-packaging;
 
 
  Operations
 
 
  first _ : ne-fifo-packaging -> packaging;
 
 
  extract _ : ne-fifo-packaging -> fifo-packaging;
 
 
  size _ : ne-fifo-packaging -> natural; 
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  Body
 
 
  Axioms
 
 
  first (insert box []) = box;
 
 
  first (insert box f) = first f;
 
 
 
 
 
  extract (insert box []) = [];
 
 
  extract (insert box f) =
 
 
  insert box (extract f);
 
 
 
 
 
  size [] = 0;
 
 
  size (insert box f) = 1 + (size f);
 
 
 
 
 
  where
 
 
  box : packaging;
 
 
  f: ne-fifo-packaging;
 
 
  End FifoPackaging;
 
 
 
 
 
  Adt Chocolate;
 
 
  Interface
 
 
  Sorts chocolate, praline, truffle;
 
 
  Subsort
 
 
  praline < chocolate;
 
 
  truffle < chocolate;
 
 
  Generators
 
 
  P:praline;
 
 
  T:truffle;
 
 
  End Chocolate;
 
 
 
 
 
  Adt Capacity;
 
 
  Interface
 
 
  Use Naturals;
 
 
  Operations
 
 
  praline-capacity : -> natural;
 
 
  truffle-capacity : -> natural;
 
 
  conveyor-capacity : -> natural;
 
 
  Body
 
 
  Axioms
 
 
  praline-capacity = 16;
 
 
  truffle-capacity = 8;
 
 
  conveyor-capacity = 50;
 
 
  End Capacity;
 
 
 
 
 
  Adt Naturals;
 
 
  Interface
 
 
  Use Booleans;
 
 
  Sort natural;
 
 
  Generators
 
 
  0: -> natural;
 
 
  succ _ : natural -> natural;
 
 
  Operations
 
 
  _+_ ,
 
 
  _-_ ,
 
 
  _*_ ,
 
 
  _/_ ,
 
 
  _%_: natural natural -> natural;
 
 
  _=_ ,
 
 
  _< =_ ,
 
 
  _<_ ,
 
 
  _>_ ,A
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  _> =_ :natural natural -> boolean;
 
 
  max _ _ : natural natural -> natural;
 
 
  min _ _ : natural natural -> natural;
 
 
  even _ : natural -> boolean;
 
 
  2** _ ,
 
 
  _* *2 :natural -> natural;
 
 
 
 
 
  ;; constants
 
 
  1,2,3,4,5,6,7,8,9,10,11,12,13,14,15,16,17,18,19,20 : -> natural;
 
 
  Body
 
 
  Axioms
 
 
  0+natVar1 = natVar1;
 
 
  (succ natVar1)+natVar2 = succ (natVar1+natVar2);
 
 
 
 
 
  ;; substraction, if natVar2 > natVar1 then natVar1-natVar2 = 0
 
 
  0-natVar1 = 0;
 
 
  (succ natVar2)-0 = succ natVar2;
 
 
  (succ natVar2)-succ natVar1 = natVar2-natVar1;
 
 
 
 
 
  0*natVar1 = 0;
 
 
  (succ natVar1)*natVar2 = (natVar1*natVar2)+natVar2;
 
 
 
 
 
  ;; division, if natVar2 = 0 then div natVar1 natVar2 = 0
 
 
  natVar1/0 = 0;
 
 
  natVar1<natVar2 = true => natVar1/natVar2 = 0;
 
 
  natVar1>=natVar2 = true => natVar1/natVar2 =
 
 
  succ ((natVar1-natVar2)/natVar2);
 
 
 
 
 
  ;; modulo, if natVar2 = 0 then mod natVar1 natVar2 = 0
 
 
  natVar1%natVar2 = natVar1-(natVar2*(natVar1/natVar2));
 
 
 
 
 
  0=0 = true;
 
 
  0=succ natVar1 = false;
 
 
  succ natVar1=0 = false;
 
 
  (succ natVar1)=succ natVar2 = natVar1=natVar2;
 
 
 
 
 
  natVar1<=natVar2 = not natVar2<natVar1;
 
 
 
 
 
  0<0 = false;
 
 
  0<succ natVar1 = true;
 
 
  succ natVar1 < 0 = false;
 
 
  succ natVar1 < succ natVar2 = natVar1<natVar2;
 
 
 
 
 
  natVar1>natVar2 = not natVar1<=natVar2;
 
 
 
 
 
  natVar1>=natVar2 = not natVar1<natVar2;
 
 
 
 
 
  even 0 = true;
 
 
  even succ natVar1 = not even natVar1;
 
 
 
 
 
  2**0 = succ 0;
 
 
  2**succ natVar1 = (succ succ 0)*(2**natVar1) ;
 
 
 
 
 
  (natVar1<=natVar2)=true => max natVar1 natVar2 = natVar2 ;
 
 
  (natVar1<=natVar2)=false => max natVar1 natVar2 = natVar1 ;
 
 
  (natVar1<=natVar2)=true => min natVar1 natVar2 = natVar1 ;
 
 
  (natVar1<=natVar2)=false => min natVar1 natVar2 = natVar2 ;
 
 
 
 
 
  natVar1**2 = natVar1*natVar1; 
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  1= succ 0; 2 = succ 1; 3 = succ 2; 4 = succ 3;
 
 
  5= succ 4; 6 = succ 5; 7 = succ 6; 8 = succ 7;
 
 
  9= succ 8; 10 = succ 9; 11 = succ 10; 12 = succ 11;
 
 
  13 = succ 12; 14 = succ 13; 15 = succ 14; 16 = succ 15;
 
 
  17 = succ 16; 18 = succ 17; 19 = succ 18; 20 = succ 19;
 
 
 
 
 
  Theorems
 
 
 
 
 
  ;; various properties for division and modulo
 
 
  0/natVar1 = 0;
 
 
  (natVar1 % natVar2) / natVar2 = 0;
 
 
  0%natVar1 = 0;
 
 
  (natVar1 % natVar2) % natVar2 = natVar1 % natVar2;
 
 
 
 
 
 
 
 
  Where
 
 
  natVar1, natVar2: natural;
 
 
 
 
 
  Inherit EquivalenceRelation; ;; "=" is an equivalence
 
 
  Rename
 
 
  theSort -> natural;
 
 
 
 
 
  Inherit TotalOrderRelation; ;; "<=" is a total order
 
 
  Rename
 
 
  theSort -> natural;
 
 
 
 
 
  Inherit TotalOrderRelation; ;; ">=" is a total order
 
 
  Rename
 
 
  theSort -> natural;
 
 
  _< =_- >_> =_ ;
 
 
  max _ _ -> min__ ;
 
 
  min _ _ -> max__ ;
 
 
 
 
 
  Inherit StrictTotalOrderRelation; ;; "<" is a strict total order
 
 
  Rename
 
 
  theSort -> natural;
 
 
 
 
 
  Inherit StrictTotalOrderRelation; ;; ">" is a strict total order
 
 
  Rename
 
 
  theSort -> natural;
 
 
  _ <_- >_>_ ;
 
 
 
 
 
  Inherit AssociativityCommutativity;
 
 
  Rename ;; "+" is associative and commutative
 
 
  theSort -> natural;
 
 
  _ theOp _ -> _ + _;
 
 
  Inherit NeutralElement; ;; "+" has "0" as neutral element
 
 
  Rename
 
 
  theSort -> natural;
 
 
  1- >0 ;
 
 
  Undefine 1;
 
 
 
 
 
  Inherit AssociativityCommutativity;
 
 
  Rename ;; "*" is associative and commutative
 
 
  theSort -> natural;
 
 
  _ theOp _ -> _ * _;
 
 
  Inherit NeutralElement; ;; "*" has "1" as neutral element
 
 
  Rename theSort -> natural;A
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  Inherit ZeroElement; ;; "*" has "0" as zero element
 
 
  Rename theSort -> natural;
 
 
  Undefine 0;
 
 
 
 
 
  Inherit AssociativityCommutativity;
 
 
  Rename ;; "max" is associative and commutative
 
 
  theSort -> natural;
 
 
  _ theOp _ -> max _ _;
 
 
  End Naturals;
 
 
 
 
 
  Adt Booleans;
 
 
  Interface
 
 
  Sort boolean;
 
 
  Generators
 
 
  true : -> boolean;
 
 
  false : -> boolean;
 
 
  Operations
 
 
  not _ : boolean -> boolean;
 
 
  _ and _ : boolean boolean -> boolean;
 
 
  _o r_ : boolean boolean -> boolean;
 
 
  _ xor _ : boolean boolean -> boolean;
 
 
  _=_ :boolean boolean -> boolean;
 
 
  Body
 
 
  Axioms
 
 
  not true = false;
 
 
  not false = true;
 
 
 
 
 
  true and booleanVar1 = booleanVar1;
 
 
  false and booleanVar1 = false;
 
 
 
 
 
  true or booleanVar1 = true;
 
 
  false or booleanVar1 = booleanVar1;
 
 
 
 
 
  false xor booleanVar1 = booleanVar1;
 
 
  true xor booleanVar1 = not booleanVar1;
 
 
 
 
 
  (true=true) = true;
 
 
  (true=false) = false;
 
 
  (false=true) = false;
 
 
  (false=false) = true;
 
 
 
 
 
  Theorems
 
 
  ;; reflexivity
 
 
  (booleanVar1 = booleanVar1) = true;
 
 
 
 
 
  ;; symetry
 
 
  (booleanVar1 = booleanVar2) = true =>
 
 
  (booleanVar2 = booleanVar1) = true;
 
 
 
 
 
  ;; transitivity
 
 
  (booleanVar1 = booleanVar2) = true &
 
 
  (booleanVar2 = booleanVar3) = true =>
 
 
  (booleanVar1 = booleanVar3) = true;
 
 
 
 
 
  Where
 
 
  booleanVar1, booleanVar2, booleanVar3 : boolean;
 
 
 
 
 
  Inherit AssociativityCommutativity; 
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  Rename ;; "and" is associative and commutative
 
 
  theSort -> boolean;
 
 
  _ theOp _ -> _ and _;
 
 
 
 
 
  Inherit AssociativityCommutativity;
 
 
  Rename ;; "or" is associative and commutative
 
 
  theSort -> boolean;
 
 
  _ theOp _ -> _ or _;
 
 
 
 
 
  Inherit AssociativityCommutativity;
 
 
  Rename ;; "xor" is associative and commutative
 
 
  theSort -> boolean;
 
 
  _ theOp _ -> _ xor _;
 
 
  End Booleans;
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  Class Users;
  Interface
  Use Integers;
  Methods
  insert _ : integer;
  result _ : integer;
  exit;
  Type user;
  Body
 
  Use DSGammaSystem, BlackTockens;
 
  Place
 
  Init _ : blacktocken;
 
  Initial
 
  Init @;
 
  Transitions
 
  init;
 
  Axioms
 
  init With DSG.new-user(Self)
 
  :: Init @ -> ;
 
  insert(i) With DSG.user-action(i,Self):: -> ;
 
  result(i) With DSG.result(i,Self): :->;
 
  exit With DSG.user-exit(Self): :- >;
 
  Where
 
  i:integer;
 
  End Users;
 
 
 
  Class DSGammaSystem;
 
  Interface
 
  Use Integers, Users, String, ArrayStrings;
 
  Methods
 
  init _ _ : string arraystring;
 
  new-user _ : user;
 
  user-action _ _ : integer, user;
 
  result _ _ : integer, user; 
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  user-exit _ : user;
 
  Object DSG: dsgamma-system;
 
  Type dsgamma-system;
 
  Body
 
  Use BlackTockens;
 
  Places
 
  init _ : blacktocken;
 
  MSInt _ : integer;
 
  users _ : user;
 
  Transition
 
  ChemicalReaction;
 
  Axioms
 
  init(D’(S’(G’(a’(m’(m’(a’[])))))),par)
 
  :: -> init @;
 
  new-user(usr)
 
  :: init @ -> init @, users usr;
 
  user-action(i,usr)
 
  :: users usr -> users usr, MSInt i;
 
  result(i,usr)
 
  :: users usr, MSInt i -> users usr, MSInt i;
 
  user-exit(usr)
 
  :: users usr -> ;
 
  ;; All the possible Chemical Reactions
 
  ChemicalReaction
 
  :: MSInt i, MSInt j -> MSInt i+j;
 
  Where
 
  i, j : integer;
 
  usr : user;
 
  par : arraystring;
 
  End DSGammaSystem;
 
 
 
  Adt ArrayStrings As Array(String);
 
  Morphism elem -> string;
 
  Rename array -> arraystring;
 
  End ArrayStrings;
 
 
 
  Adt BlackTockens;
 
  Interface
 
  Generator
 
  @:-> blacktocken;
 
  Sort
 
  blacktocken;
 
  End BlackTockens;
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  Class DSGammaSystem1;
  Interface
  Use Integers, Users, String, ArrayStrings;
  Methods
  init __:string arraystring;
  new-user _ : user;
  user-action __:integer user;B
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  result _ _ : integer user;
  user-exit _ : user;
 
  Object DSG : dsgamma-system1;
 
  Type dsgamma-system1;
 
  Body
 
  Use BagIntegers, PairUserBags, BlackTockens;
 
  Places
 
  init _ : blacktocken;
 
  UsrToExit _ : user;
 
  MSInt _ : pairuserbag;
 
  MSIntToEmpty _ : pairuserbag;
 
  Transition
 
  CR1, CR2, CR3, CR4, CR5, CR6, CR7, CR8;
 
  exit;
 
  Axioms
 
  init(D’(S’(G’(a’(m’(m’(a’[])))))),par)
 
  :: -> init @;
 
  new-user(usr)
 
  :: init @ -> init @, MSInt <usr {}>;
 
  user-action(i,usr)
 
  :: MSInt <usr bag> -> MSInt <usr bag ’ i>;
 
  result(i,usr)
 
  :: MSInt <usr {}’i> -> MSInt <usr {}’i>;
 
  user-exit(usr)
 
  :: -> UsrToExit usr;
 
  ;; All possible Chemical Reactions
 
  CR1 :: MSInt <usr (bag ’ i) ’ j>
 
  -> MSInt <usr bag ’(i+j)>;
 
  CR2 :: MSInt <usr1 bag1 ’ i>, MSInt <usr2 bag2 ’ j>
 
  -> MSInt <usr1 bag1 ’ (i+j)>, MSInt <usr2 bag2>;
 
  CR3 :: MSInt <usr1 (bag1 ’ i) ’ j>, MSInt <usr2 bag2>
 
  -> MSInt <usr1 bag1>, MSInt <usr2 bag2 ’ (i+j)>;
 
  CR4 :: MSInt <usr1 bag1 ’ i>, MSInt <usr2 bag2 ’ j>,
 
  MSInt <usr3 bag3>
 
  -> MSInt <usr1 bag1>, MSInt <usr2 bag2>,
 
  MSInt <usr3 bag3 ’ (i+j)>;
 
  exit :: UsrToExit usr, MSInt <usr bag>
 
  -> MSIntToEmpty <usr bag>;
 
  ;; do not add integers in MSIntToEmpty
 
  CR5 :: MSInt <usr1 bag1>, MSIntToEmpty <usr2 (bag2 ’ i) ’ j>
 
  -> MSInt <usr1 bag1 ’ (i+j)>, MSIntToEmpty <usr2 bag2>;
 
  CR6 :: MSInt <usr1 bag1 ’ i>, MSIntToEmpty <usr2 bag2 ’ j>
 
  -> MSInt <usr1 bag1 ’ (i+j)>, MSIntToEmpty <usr2 bag2>;
 
  CR7 :: MSInt <usr1 bag1 ’ i>, MSInt <usr2 bag2>,
 
  MSIntToEmpty <usr3 bag3 ’ j>
 
  -> MSInt <usr1 bag1>, MSInt <usr2 (bag2 ’ i) ’ j>,
 
  MSIntToEmpty <usr3 bag3>;
 
  CR8 :: MSInt <usr1 bag1>, MSIntToEmpty <usr2 bag2 ’ i>,
 
  MSIntToEmpty <usr3 bag3 ’ j>
 
  -> MSInt <usr1 bag1 ’ (i+j)>, MSIntToEmpty <usr2 bag2>
 
  MSIntToEmpty <usr3 bag3>;
 
  Where
 
  bag, bag1, bag2, bag3 : baginteger;
 
  usr, usr1, usr2, usr3 : user;
 
  i, j : integer;
 
  par : arraystring;
 
  End DSGammaSystem1;
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  Adt BagIntegers As Bag(Integers);
 
  Morphism
 
  elem -> integer;
 
  Rename
 
  bag -> baginteger;
 
  End BagIntegers;
 
 
 
  Adt PairUserBags As Pair(Users,BagIntegers);
 
  Morphism
 
  elem -> user;
 
  elem2 -> baginteger;
 
  Rename
 
  pair -> pairuserbag;
 
  End PairUserBags;
B
 
 
S
e
c
o
n
d
R
e
 
n
e
m
e
n
t
 
R
 
H
e
r
e
i
s
t
h
e
C
O
 
O
P
N
 
 
s
p
e
c
i
 
c
a
t
i
o
n
R
 
d
e
s
c
r
i
b
e
d
i
n
S
e
c
t
i
o
n
 
 
 
 
  Class DSGammaSystem2;
  Interface
  Use String, ArrayStrings, GlobalRelays;
  Methods
  init __:string arraystring;
  get-server _ : globalrelay;
  Object DSG : dsgamma-system2;
  Type dsgamma-system2;
  Body
 
  Places
 
  GR _ : globalrelay;
 
  Axioms
 
  ;; create globarelay gr at initialization
 
  init(D’(S’(G’(a’(m’(m’(a’[])))))),par) With gr.Create
 
  :: -> GR gr;
 
  get-server(gr)
 
  :: GR gr -> GR gr;
 
  Where
 
  gr : globalrelay;
 
  par : arraystring;
 
  End DSGammaSystem2;
 
 
 
  Class GlobalRelays;
 
  Interface
 
  Use Integers;
 
  Methods
 
  put _ : integer;
 
  get _ : integer;
 
  Type globalrelay;
 
  Body
 
  Use FifoIntegers;
 
  Places
 
  buffer _ : fifointeger;
 
  Initial
 
  buffer []; ;; empty-fifo
 
  AxiomsB
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  put(i) :: buffer b -> buffer b ’ i;
 
  get(next of (b’i)) :: buffer b’i- >buffer (remove from(b’i));
 
  Where
 
  i:integer;
 
  End GlobalRelays;
 
 
 
  Class Applets;
 
  Interface
 
  Use DSGammaSystem2, Integers, GlobalRelays;
 
  Methods
 
  insert _ : integer;
 
  result _ : integer;
 
  exit;
 
  Type applet;
 
  Body
 
  Use Booleans, Random, Clock, BlackTockens;
 
  Places
 
  Init _ : blacktocken;
 
  store-gr _ : globalrelay;
 
  MSInt, first _ : integer;
 
  endp _ : boolean;
 
  beginning _ : boolean;
 
  timeout _ : integer;
 
  Transitions
 
  getfirst, getsecond, tik, put, init;
 
  Initial
 
  endp false;
 
  beginning true;
 
  Init @;
 
  Axioms
 
  ;; retrieve gr
 
  init With DSG.get-server(gr)
 
  :: Init @ -> store-gr gr;
 
 
 
  ;; add new integer to MSInt
 
  insert(i)
 
  :: endp false -> endp false, MSInt i;
 
  ;; change flag
 
  exit
 
  :: endp false -> endp true;
 
  ;; get result taken from place first
 
  result(i)
 
  :: endp false, first i
 
  -> endp false, first i;
 
  ;; receives a first integer from system
 
  ;; provided the user has not exit
 
  getfirst With
 
  (gr.get(i) // R.random(millis) // C.clock(hour))
 
  :: endp false, beginning true, store-gr gr
 
  -> endp false, store-gr gr,
 
  first i, timeout (hour + millis);
 
  ;; user has performed an exit
 
  getfirst
 
  :: endp true, beginning true
 
  -> ;
 
 
 
  ;; receive a second integer, adds it to first and
 
  ;; inserts into MSInt 
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  getsecond With gr.get(j)
 
  :: first i, timeout d, store-gr gr
 
  -> beginning true, MSInt i+j, store-gr gr;
 
  ;; to prevent deadlock when no sufficient integers in the
 
  ;; system, add only first integer to MSInt.
 
 
  tik With C.clock(hour)
 
 
  :: (hour > d) = true
 
 
  => timeout d, first i
 
 
  -> beginning true, MSInt i;
 
 
  ;; removes integer from MSInt until no more integer
 
 
  put With gr.put(i)
 
 
  :: store-gr gr, MSInt i
 
 
  -> store-gr gr;
 
 
  Where
 
 
  gr : globalrelay;
 
 
  i, j : integer;
 
 
  hour, millis, d : integer;
 
 
  End Applets;
 
 
 
 
 
  Adt FifoIntegers;
 
 
  Interface
 
 
  Use Integers, Naturals;
 
 
  Sort fifointeger, ne-fifointeger;
 
 
  Subsort ne-fifointeger -> fifointeger;
 
 
  Generators
 
 
  [] : -> fifointeger;
 
 
  _ ’_:integer, fifointeger -> ne-fifointeger;
 
 
  Operations
 
 
  insert _ to _ : integer, fifointeger
 
 
  -> ne-fifointeger;
 
 
  next of _ : ne-fifointeger -> integer;
 
 
  remove from _ : ne-fifointeger -> fifointeger;
 
 
  Body
 
 
  Axioms
 
 
  insert i to fifo=i’fifo;
 
 
 
 
 
  next of (i ’ []) = i;
 
 
  next of (i ’j’fifoVar1)
 
 
  = next of (j ’ fifoVar1);
 
 
 
 
 
  remove from (i ’ []) = [];
 
 
  remove from (i’j’fifoVar1)
 
 
  =i’(remove from (j ’ fifoVar1));
 
 
  Where
 
 
  fifo : fifo;
 
 
  i, j : elem;
 
 
  End FifoIntegers;
 
 
 
 
 
  Class Random;
 
 
  Interface
 
 
  Use Integers;
 
 
  Methods
 
 
  random _ : integer;
 
 
  Object
 
 
  R:random;
 
 
  Type random;
 
 
  End Random;
 
 
 B
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  Class Clock;
 
 
  Interface
 
 
  Use Integers;
 
 
  Methods
 
 
  clock _ : integer;
 
 
  Object
 
 
  C:clock;
 
 
  Type clock;
 
 
  End Clock;
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  ;; RandomRelayServer class
  ;; -----------------------------
  Class RandomRelayServer;
  Inherit JavaThreads;
  Rename
  Thread -> RandomRelayServer;
  javathread -> randomrelayserver;
  Interface
  Use JavaThreads, Integers,
 
  JavaArrayStrings, RegisterParameters;
 
  Subtype randomrelayserver -> javathread;
 
  Methods
 
  run;
 
  main _ : java-arraystring;
 
  register _ : registerparameter;
 
  getregister _ : registerparameter;
 
  Creation
 
  new-RandomRelayServer _ : integer;
 
  Body
 
  Use JavaServerSockets, GlobalRelay, JavaSockets,
 
  InputRelay, OutputRelay, Defaults,
 
  ThreadIdentity,
 
  PairJavaSocketThreadIdentity,
 
  PairOutputRelayThreadIdentity,
 
  PairInputRelayThreadIdentity;
 
  Methods
 
  start-run _ : threadidentity;
 
  start-main _ _ : java-arraystring threadidentity;
 
  End-main _ : threadidentity;
 
  start-new-RandomRelayServer _ _ : integer threadidentity;
 
  End-new-RandomRelayServer _ : threadidentity;
 
  Places
 
  ;; Global Variables
 
  port _ : integer;
 
  listen-socket _ : javaserversocket;
 
  globalrelay _ : globalrelay; 
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  ;; Local Variables
 
  client-socket _ : pair-javasocketthreadidentity;
 
  outputrelay _ : pair-outputrelaythreadidentity;
 
  inputrelay _ : pair-inputrelaythreadidentity;
 
  id _ : registerparameter;
 
  p1 _,p 2_,p 3_,
 
  p11 _ , p12 _ , p13 _ , p14 _ , p15 _ , p16 _ , p17 _,
 
  p21 _ , p22 _ , p23 _ , p24 _ , p25 _ : threadidentity;
 
  Axioms
 
  ;; Method register: put call into id place
 
  register(regpar)
 
  :: -> id regpar;
 
  ;; Remove call from id (for dynamic creations only)
 
  getregister(regpar)
 
  :: id (regpar) -> ;
 
  ;; Method main(): look for a call to main and
 
  ;; actually start the main method
 
  main(args) With Self.start-main(args,<cnt t>) ..
 
  Self.End-main(<cnt t>)
 
  :: id (args,main,<cnt t>) -> ;
 
  ;; handles input parameters and local variables
 
  start-main([],<cnt t>)
 
  ::
 
  -> x (<[] <cnt t>), local (<PORT <cnt t>>),
 
  p1 <cnt t>;
 
  ;; creation of an instance
 
  next With Counter.get(cnt’) ..
 
  RandomRelayServer.register(
 
  <PORT new-RandomRelayServer <cnt’ t>>)
 
  :: p1 <cnt t> , local (<PORT <cnt t>>)
 
  -> p2 <cnt t> , local (<PORT <cnt t>>);
 
  next With o.new-RandomRelayserver(PORT)
 
  :: p2 <cnt t>, local (<PORT <cnt t>>)
 
  -> p3 <cnt t>, local (<PORT <cnt t>>);
 
  End-main(<cnt t>)
 
  :: p3 <cnt t>, local (<PORT <cnt t>>),
 
  x (<[] <cnt t>>)
 
  -> ;
 
  ;; Method new-RandomRelayServer
 
  new-RandomRelayServer(port) ;;with
 
  RandomRelayServer.getregister(
 
  <port new-RandomRelayServer <cnt t>>) ..
 
  Self.start-new-RandomRelayServer(port, <cnt t>) ..
 
  Self.End-new-RandomRelayServer(<cnt t>)
 
  :: -> ;
 
  ;; replaces a non precised port with default port
 
  start-new-RandomRelayServer(port, <cnt t>)
 
  :: (port = zero) = true
 
  =>
 
  -> p11 <cnt t>, port PORT;
 
  ;; stores the given port
 
  start-new-RandomRelayServer(port, <cnt t>)
 
  :: (port = zero) = false
 
  =>
 
  -> p11 <cnt t>, port port;
 
  ;; Creation of a JavaServerSocket instance
 
  next With Counter.get(cnt1) ;; ..
 
  JavaServerSocket.register(B
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  <port new-JavaServerSocket <cnt1 t>>)
 
  :: p11 <cnt t>, port port
 
  -> p12 <cnt t>, port port;
 
  next With ls.new-JavaServerSocket(port)
 
  :: p12 <cnt t>
 
 
  -> p13 <cnt t>, listen-socket ls;
 
 
  ;; Creation of a GlobalRelay instance
 
 
  next With Counter.get(cnt1) ..
 
 
  GlobalRelay.register(
 
 
  <[] new-GlobalRelay <cnt1 t>>)
 
 
  :: p13 <cnt t>
 
 
  -> p14 <cnt t>;
 
 
  next With gr.new-GlobalRelay
 
 
  :: p14 <cnt t>
 
 
  -> p15 <cnt t>, globalrelay gr;
 
 
  ;; Activates its own method start (=> run)
 
 
  next With Counter.get(cnt1) ..
 
 
  Self.register(<[] start <cnt1 t>>)
 
 
  :: p15 <cnt t>
 
 
  -> p16 <cnt t>;
 
 
  next With Self.start
 
 
  :: p16 <cnt t>
 
 
  -> p17 <cnt t>;
 
 
  End-new-RandomRelayServer(<cnt t>)
 
 
  :: p17 <cnt t> -> ;
 
 
  ;; Method run()
 
 
  run With Self.start-run(<cnt t>)
 
 
  :: id <[] run <cnt t>> -> ;
 
 
  start-run(<cnt t>)
 
 
  ::
 
 
  -> p21 <cnt t>;
 
 
  ;; accepts a client connection and stores
 
 
  ;; socket
 
 
  next With Counter.get(cnt1) ..
 
 
  ls.register(<[] accept <cnt1 t>>)
 
 
  :: p21 <cnt t>, listen-socket ls,
 
 
  -> p22 <cnt t>, listen-socket ls
 
 
  next With ls.accept(cs)
 
 
  :: p22 <cnt t>, listen-socket ls
 
 
  -> p23 <cnt t>, listen-socket ls,
 
 
  client-socket <cs <cnt t>>;
 
 
  ;; Creation of an OutputRelay instance
 
 
  next With Counter.get(cnt1) ..
 
 
  OutputRelay.register(
 
 
  <[cs,gr,STOP-TRANSMIT] new-OutputRelay <cnt1 t>>)
 
 
  :: p23 <cnt t>, client-socket <cs <cnt t>>,
 
 
  globalrelay gr
 
 
  -> p24 <cnt t>, client-socket <cs <cnt t>>,
 
 
  globalrelay <gr <cnt t>>;
 
 
  next With or.new-OutputRelay(cs,gr,STOP-TRANSMIT)
 
 
  :: p24 <cnt t>, client-socket <cs <cnt t>>,
 
 
  globalrelay gr
 
 
  -> p25 <cnt t>, client-socket <cs <cnt t>>,
 
 
  globalrelay gr,
 
 
  outputrelay <or <cnt t>>;
 
 
  ;; Creation of an InputRelay instance
 
 
  next With Counter.get(cnt1) ..
 
 
  InputRelay.register( 
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  <[cs,gr,or,STOP-TRANSMIT,STOP-CONNECTION]
 
 
  new-InputRelay <cnt1 t>>)
 
 
  :: p25 <cnt t>, client-socket <cs <cnt t>>,
 
 
  globalrelay gr, outputrelay <or <cnt t>>
 
 
  -> p26 <cnt t>, client-socket <cs <cnt t>>,
 
 
  globalrelay gr, outputrelay <or <cnt t>>;
 
 
  next With ir.new-InputRelay(
 
 
  cs,gr,or,STOP-TRANSMIT,STOP-CONNECTION)
 
 
  :: p26 <cnt t>, client-socket <cs <cnt t>>,
 
 
  globalrelay gr, outputrelay <or <cnt t>>
 
 
  -> p21 <cnt t>, client-socket <cs <cnt t>>,
 
 
  globalrelay gr, outputrelay <or <cnt t>>,
 
 
  inputrelay <ir <cnt t>>;
 
 
 
 
 
  ;; this thread loops infinitely !
 
 
  next
 
 
  :: p21 <cnt t> -> ;
 
 
  Where
 
 
  port : integer;
 
 
  ls : javaserversocket;
 
 
  cs : javasocket;
 
 
  gr : globalrelay;
 
 
  ir : inputrelay;
 
 
  or : outputrelay;
 
 
  t: javathread;
 
 
  args : java-arraystring;
 
 
  cnt, cnt1, cnt’: integer;
 
 
  End RandomRelayServer;
 
 
 
 
 
  ;; Defaults Used for Connection
 
 
  ;; ----------------------------
 
 
  Adt Defaults;
 
 
  Interface
 
 
  Sort default;
 
 
  Generators
 
 
  PORT, REMOTE-HOST, STOP-TRANSMIT, STOP-CONNECTION
 
 
  -> default;
 
 
  Body
 
 
  End Defaults;
 
 
 
 
 
  ;; InputRelay class
 
 
  ;; ------------------------------
 
 
  Class InputRelay;
 
 
  Inherit JavaThreads;
 
 
  Rename
 
 
  Thread -> InputRelay;
 
 
  javathread -> inputrelay;
 
 
  Interface
 
 
  Use JavaThreads, JavaSockets, GlobalRelay,
 
 
  OutputRelay, Integers;
 
 
  Subtype inputrelay -> javathread;
 
 
  Methods
 
 
  run;
 
 
  Creation
 
 
  new-InputRelay _____:javasocket globalrelay outputrelay
 
 
  integer integer;
 
 
  Body
 
 
  Use JavaDataInputStreams, Booleans, ThreadIdentity,B
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  PairIntegerThreadIdentity;
 
 
  Methods
 
 
  start-run _ : threadidentity;
 
 
  start-new-InputRelay ______:javasocket globalrelay
 
 
  outputrelay integer integer threadidentity;
 
 
  End-new-InputRelay _ : threadidentity;
 
 
  Places
 
 
  ;; Global Variables
 
 
  clientsocket _ : javasocket;
 
 
  globalrelay _ : globalrelay;
 
 
  outputrelay _ : outputrelay;
 
 
  stop-transmit _ : integer;
 
 
  stop-connection _ : integer;
 
 
  datainputstream _ : javadatainputstream;
 
 
  inputstream _ : javainputstream;
 
 
  ;; Local Variables
 
 
  elem _ : pair-integerthreadidentity;
 
 
  p11 _ , p12 _ , p13 _ , p14 _ , p15 _ , p16 _ , p17 _ ,
 
 
  p21 _ , p22 _ , p23 _ , p24 _ , p25 _ , p26 _ , p27 _ ,
 
 
  p28 _ , p29 _, p210 _ : threadidentity;
 
 
  Axioms
 
 
  ;; Method new-InputRelay
 
 
  new-InputRelay(cs,gr,or,stop-transmit,stop-connection) With
 
 
  InputRelay.getregister(
 
 
  <[cs,gr,or,stop-transmit,stop-connection]
 
 
  new-InputRelay <cnt t>>) ..
 
 
  Self.start-new-InputRelay(
 
 
  cs,gr,or,stop-transmit,stop-connection,<cnt t>) ..
 
 
  Self.End-new-InputRelay(<cnt t>)
 
 
  :: -> ;
 
 
  start-new-InputRelay(cs, gr, or,
 
 
  stop-transmit, stop-connection <cnt t>)
 
 
  ::
 
 
  -> clientsocket cs, globalrelay gr,
 
 
  outputrelay or, stop-transmit stop-transmit,
 
 
  stop-connection stop-connection,
 
 
  p11 <cnt t>;
 
 
  ;; get inputstream from socket
 
 
  next With Counter.get(cnt1) ..
 
 
  cs.register(<[] getInputStream <cnt1 t>>)
 
 
  :: p11 <cnt t>, clientsocket cs
 
 
  -> p12 <cnt t>, clientsocket cs
 
 
  next With cs.getInputStream(In)
 
 
  :: p12 <cnt t>, clientsocket cs
 
 
  -> p13 <cnt t>, clientsocket cs,
 
 
  inputstream In;
 
 
  ;; create an instance of JavaDataInputStream using inputstream
 
 
  next With Counter.get(cnt1) ..
 
 
  JavaDataInputStream.register(<In Create <cnt1 t>>)
 
 
  :: p13 <cnt t>, inputstream In
 
 
  -> p14 <cnt t>, inputstream In;
 
 
  next With datain.Create(In)
 
 
  :: p14 <cnt t>, inputstream In
 
 
  -> p15 <cnt t>, inputstream In,
 
 
  datainputstream datain;
 
 
  ;; starts itself
 
 
  next With Counter.get(cnt1) ..
 
 
  Self.register(<[] start <cnt1 t>>) 
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  :: p15 <cnt t>
 
 
  -> p16 <cnt t>;
 
 
  next With Self.start
 
 
  :: p16 <cnt t>
 
 
  -> p17 <cnt t>;
 
 
  End-new-InputRelay(<cnt t>)
 
 
  :: p17 <cnt t> -> ;
 
 
  ;; Method run()
 
 
  run With Self.start-run(<cnt t>)
 
 
  :: id <[] run <cnt t>> -> ;
 
 
  start-run(<cnt t>)
 
 
  ::
 
 
  -> p21 <cnt t>;
 
 
  ;; waits for an integer from datain.
 
 
  next With Counter.get(cnt1) ..
 
 
  datain.register(<[] readInt <cnt1 t>>)
 
 
  :: p21 <cnt t>, datainputstream datain,
 
 
  -> p22 <cnt t>, datainputstream datain;
 
 
  next With datain.readInt(elem)
 
 
  :: p22 <cnt t>, datainputstream datain
 
 
  -> p23 <cnt t>, datainputstream datain,
 
 
  elem <elem <cnt t>>;
 
 
  ;; if the received integer is the stop-connection
 
 
  ;; signal then stops
 
 
  next With Counter.get(cnt1) ..
 
 
  Self.register(<[] stop <cnt1 t>>)
 
 
  :: (elem = stop-connection) = true
 
 
  => p23 <cnt t>, elem <elem <cnt t>>,
 
 
  stop-connection stop-connection
 
 
  -> p24 <cnt t>, elem <elem <cnt t>>,
 
 
  stop-connection stop-connection;
 
 
  next With Self.stop
 
 
  :: p24 <cnt t>
 
 
  -> p25 <cnt t>;
 
 
  ;; if the received integer is the stop-transmit signal
 
 
  ;; then forwards the signal to outputrelay
 
 
  next With Counter.get(cnt1) ..
 
 
  or.register(<true setnotify-End-sending <cnt1 t>>)
 
 
  :: (elem = stop-transmit) = true
 
 
  => p23 <cnt t>, elem <elem <cnt t>>,
 
 
  stop-transmit stop-transmit, outputrelay or
 
 
  -> p26 <cnt t>, elem <elem <cnt t>>,
 
 
  stop-transmit stop-transmit, outputrelay or;
 
 
  next With or.End-setnotify-End-sending(true)
 
 
  :: p26 <cnt t>, outputrelay or
 
 
  -> p21 <cnt t>, outputrelay or;
 
 
  ;; the received integer is not a stop signal,
 
 
  ;; then forward it to globalrelay
 
 
  next With Counter.get(cnt1) ..
 
 
  gr.register(<elem put <cnt1 t>>)
 
 
  :: ((elem = stop-transmit) = false ) and
 
 
  ((elem = stop-connection) = false ) and
 
 
  => p23 <cnt t>, elem <elem <cnt t>>,
 
 
  stop-transmit stop-transmit,
 
 
  stop-connection stop-connection,
 
 
  globalrelay gr
 
 
  -> p27 <cnt t>, elem <elem <cnt t>>,
 
 
  stop-transmit stop-transmit,B
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  stop-connection stop-connection,
 
 
  globalrelay gr;
 
 
  next With gr.put(elem)
 
 
  :: p27 <cnt t>, globalrelay gr
 
 
  -> p21 <cnt t>, globalrelay gr;
 
 
  ;; close socket
 
 
  next With Counter.get(cnt1) ..
 
 
  cs.register(<[] close <cnt1 t>>)
 
 
  :: p25 <cnt t>, clientsocket cs
 
 
  -> p28 <cnt t>, clientsocket cs;
 
 
  next With cs.close
 
 
  :: p28 <cnt t>, clientsocket cs
 
 
  -> p29 <cnt t>, clientsocket cs
 
 
  next With Counter.get(cnt1) ..
 
 
  Self.register(<[] stop <cnt1 t>>)
 
 
  :: p29 <cnt t>
 
 
  -> p210 <cnt t>;
 
 
  next With Self.stop
 
 
  :: p210 <cnt t>
 
 
  -> ;
 
 
  Where
 
 
  cs : javasocket;
 
 
  gr : globalrelay;
 
 
  or : outputrelay;
 
 
  datain : javadatainputstream;
 
 
  In : javainputstream;
 
 
  elem : integer;
 
 
  t: javathread;
 
 
  cnt1, cnt : integer;
 
 
  stop-transmit, stop-connection : integer;
 
 
  End InputRelay;
 
 
 
 
 
  ;; GlobalRelay class
 
 
  ;; ----------------------------
 
 
  Class GlobalRelay;
 
 
  Inherit JavaThreads;
 
 
  Rename
 
 
  Thread -> GlobalRelay;
 
 
  javathread -> globalrelay;
 
 
  Interface
 
 
  Use JavaThreads, Integers;
 
 
  Methods
 
 
  put _ : integer;
 
 
  get _ : integer;
 
 
  Creation
 
 
  new-GlobalRelay;
 
 
  Body
 
 
  Use ThreadIdentity, JavaVectors, PairIntegerThreadIdentity;
 
 
  Methods
 
 
  start-put __:integer threadidentity;
 
 
  End-put _ : threadidentity;
 
 
  start-get _ : threadidentity;
 
 
  End-get __:integer threadidentity;
 
 
  start-new-GlobalRelay _ : threadidentity;
 
 
  End-new-GlobalRelay _ : threadidentity;
 
 
  Places
 
 
  ;; Global Variables
 
 
  buffer _ : javavector;
 
 
  ;; Local Variables 
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  input-elem _ : pair-integerthreadidentity;
 
 
  elem-to-relay _ : pair-integerthreadidentity;
 
 
  p11 _ , p12 _ , p13 _ ,
 
 
  p21 _ , p22 _ , p23 _ , p24 _ , p25 _
 
 
  p31 _ , p32 _ , p33 _ , p34 _ , p35 _ : threadidentity;
 
 
  Axioms
 
 
  ;; Method new-GlobalRelay
 
 
  new-GlobalRelay With
 
 
  GlobalRelay.getregister(<cnt t>) ..
 
 
  Self.start-new-GlobalRelay(<cnt t>) ..
 
 
  Self.End-new-GlobalRelay(<cnt t>)
 
 
  :: -> ;
 
 
  start-new-GlobalRelay(<cnt t>) ::
 
 
  -> p11 <cnt t>;
 
 
  ;; create an instance of JavaVector
 
 
  next With Counter.get(cnt1) ..
 
 
  JavaVector.register(<[] Create <cnt1 t>>)
 
 
  :: p11 <cnt t>
 
 
  -> p12 <cnt t>;
 
 
  next With b.Create
 
 
  :: p12 <cnt t>
 
 
  -> p13 <cnt t>, buffer b;
 
 
  End-new-GlobalRelay(<cnt t>)
 
 
  :: p13 <cnt t> -> ;
 
 
 
 
 
  ;; Method put(i)
 
 
  put(input-elem) With
 
 
  Self.start-put(input-elem,<cnt t>) ..
 
 
  Self.End-put(<cnt t>)
 
 
  :: id <input-elem put <cnt t>> -> ;
 
 
  ;; put is synchronized !!!
 
 
  start-put(input-elem <cnt t>)
 
 
  :: -> p21 <cnt t>, input-elem <input-elem <cnt t>>;
 
 
  ;; acquires the lock
 
 
  next With Self.lock(t)
 
 
  :: p21 <cnt t>
 
 
  -> p22 <cnt t>;
 
 
  ;; add input-elem at the end of b
 
 
  next With Counter.get(cnt1) ..
 
 
  b.register(<input-elem addElement <cnt1 t>>)
 
 
  :: p22 <cnt t>, buffer b,
 
 
  input-elem <input-elem <cnt t>>
 
 
  -> p23 <cnt t>, buffer b,
 
 
  input-elem <input-elem <cnt t>>;
 
 
  next With b.addElement(input-elem)
 
 
  :: p23 <cnt t>, buffer b,
 
 
  input-elem <input-elem <cnt t>>
 
 
  -> p24 <cnt t>, buffer b;
 
 
  ;; releases the lock
 
 
  next With Self.unlock(t)
 
 
  :: p24 <cnt t>
 
 
  -> p25 <cnt t>;
 
 
  End-put(<cnt t>)
 
 
  :: p25 <cnt t> -> ;
 
 
  ;; Method get(i)
 
 
  get(elem-to-relay) With
 
 
  Self.start-get(<cnt t>) ..
 
 
  Self.End-get(elem-to-relay,<cnt t>)B
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  :: id <[] get <cnt t>> -> ;
 
 
  ;; get is synchronized !!!
 
 
  start-get(<cnt t>)
 
 
  ::
 
 
  -> p31 <cnt t>;
 
 
  ;; acquires the lock
 
 
  next With Self.lock(t)
 
 
  :: p31 <cnt t>
 
 
  -> p32 <cnt t>;
 
 
  ;; get first integer from b
 
 
  next With Counter.get(cnt1) ..
 
 
  b.register(<0 elementAt <cnt1 t>>)
 
 
  :: p32 <cnt t>, buffer b
 
 
  -> p33 <cnt t>, buffer b;
 
 
  next With b.elementAt(0,elem-to-relay,<cnt1 t>))
 
 
  :: p33 <cnt t>, buffer b
 
 
  -> p34 <cnt t>, elem-to-relay <elem-to-relay <cnt t>> ;
 
 
  ;; releases the lock
 
 
  next With Self.unlock(t)
 
 
  :: p34 <cnt t>
 
 
  -> p35 <cnt t>;
 
 
  End-get(elem-to-relay, <cnt t>)
 
 
  :: p35 <cnt t>,
 
 
  elem-to-relay <elem-to-relay <cnt t>>
 
 
  -> ;
 
 
  Where
 
 
  b: javavector;
 
 
  input-elem : integer;
 
 
  elem-to-relay : integer;
 
 
  t: javathread;
 
 
  cnt, cnt1 : integer;
 
 
  End GlobalRelay;
 
 
 
 
 
  ;; OutputRelay class
 
 
  ;; -----------------------
 
 
  Class OutputRelay;
 
 
  Inherit JavaThreads;
 
 
  Rename
 
 
  Thread -> OutputRelay;
 
 
  javathread -> outputrelay;
 
 
  Interface
 
 
  Use JavaThreads, JavaSockets, GlobalRelay,
 
 
  Booleans, Integers;
 
 
  Methods
 
 
  run;
 
 
  setnotify-End-sending _ : boolean;
 
 
  Creation
 
 
  new-OutputRelay _ _ _ : javasocket globalrelay
 
 
  integer;
 
 
  Body
 
 
  Use JavaDataOutputStream, ThreadIdentity,
 
 
  PairIntegerThreadIdentity;
 
 
  Methods
 
 
  start-run _ : threadidentity;
 
 
  start-setnotify-End-sending _ _ : boolean threadidentity
 
 
  End-setnotify-End-sending _ : threadidentity;
 
 
  start-new-OutputRelay _ _ _ _ : javasocket globalrelay integer
 
 
  threadidentity; 
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  End-new-OutputRelay _ : threadidentity;
 
 
  Places
 
 
  ;; Global Variables
 
 
  client _ : javasocket;
 
 
  globalrelay _ : globalrelay;
 
 
  stop-transmit _ : integer;
 
 
  End-sending _ : boolean;
 
 
  dataoutputstream _ : javadataoutputstream;
 
 
  outputstream _ : javaoutputstream;
 
 
  ;; Local Variables
 
 
  elem _ : pair-integerthreadidentity;
 
 
  p11 _ , p12 _ , p13 _ , p14 _ , p15 _ , p16 _ , p17 _,
 
 
  p21 _ , p22 _ , p23 _ , p24 _ , p25 _ ,
 
 
  p31 _ : threadidentity;
 
 
  Initial
 
 
  End-sending false;
 
 
  Axioms
 
 
  ;; Method new-OutputRelay
 
 
  new-OutputRelay(cs,gr,stop-transmit) With
 
 
  OutputRelay.getregister(
 
 
  <[cs,gr,stop-transmit] new-OutputRelay <cnt t>>) ..
 
 
  Self.start-new-OutputRelay(
 
 
  cs,gr,stop-transmit,<cnt t>) ..
 
 
  Self.End-new-OutputRelay(<cnt t>)
 
 
  :: -> ;
 
 
  start-new-OutputRelay(cs,gr,stop-transmit,<cnt t>)
 
 
  ::
 
 
  -> p11 <cnt t>, client cs, globalrelay gr,
 
 
  stop-transmit stop-transmit;
 
 
  ;; get outputstream from socket
 
 
  next With Counter.get(cnt1) ..
 
 
  cs.register(<[] getOutputStream <cnt1 t>>)
 
 
  :: p11 <cnt t>, client cs
 
 
  -> p12 <cnt t>, client cs
 
 
  next With cs.getOutputStream(out)
 
 
  :: p12 <cnt t>, client cs
 
 
  -> p13 <cnt t>, client cs,
 
 
  outputstream out;
 
 
  ;; create an instance of DataOutputStream
 
 
  next With Counter.get(cnt1) ..
 
 
  JavaDataOutputStream.register(<out Create<cnt1 t>>)
 
 
  :: p13 <cnt t>, outputstream out
 
 
  -> p14 <cnt t>, outputstream out
 
 
  next With dataout.Create(out)
 
 
  :: p14 <cnt t>, outputstream out
 
 
  -> p15 <cnt t>, outputstream out,
 
 
  dataoutputstream dataout;
 
 
  ;; starts itself
 
 
  next With Counter.get(cnt1) ..
 
 
  Self.register(<[] start <cnt1 t>>)
 
 
  :: p15 <cnt t>
 
 
  -> p16 <cnt t>;
 
 
  next With Self.start
 
 
  :: p16 <cnt t>
 
 
  -> p17 <cnt t>;
 
 
  End-new-InputRelay(<cnt t>)
 
 
  :: p17 <cnt t> -> ;
 
 
  ;; Method run()B
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  run With Self.start-run(<cnt t>)
 
 
  :: id <[] run <cnt t>> -> ;
 
 
  start-run(<cnt t>)
 
 
  ::
 
 
  -> p21 <cnt t>;
 
 
  ;; if stop-transmit then write it on dataout and stop
 
 
  next With Counter.get(cnt1) ..
 
 
  dataout.register(<stop-transmit writeInt <cnt1 t>>)
 
 
  :: p21 <cnt t>, End-sending true, dataoutputstream dataout,
 
 
  stop-transmit stop-transmit
 
 
  -> p22 <cnt t>, End-sending true, dataoutputstream dataout
 
 
  stop-transmit stop-transmit;
 
 
  next With dataout.writeInt(stop-transmit)
 
 
  :: p22 <cnt t>, dataoutputstream dataout,
 
 
  stop-transmit stop-transmit
 
 
  -> p23 <cnt t>, dataoutputstream dataout,
 
 
  stop-transmit stop-transmit;
 
 
  next With Counter.get(cnt1) ..
 
 
  Self.register(<[] stop <cnt1 t>>)
 
 
  :: p23 <cnt t>
 
 
  -> p24 <cnt t>;
 
 
  next With Self.stop
 
 
  :: p24 <cnt t>
 
 
  -> ;
 
 
 
 
 
  ;; if not stop-transmit, then take integer from
 
 
  ;; globalrelay and loop (go to p21)
 
 
  next With Counter.get(cnt1) ..
 
 
  gr.register(<[] get <cnt1 t>>)
 
 
  :: p21 <cnt t>, End-sending false,
 
 
  globalrelay gr
 
 
  -> p25 <cnt t>, End-sending false,
 
 
  globalrelay gr;
 
 
  next With gr.get(elem)
 
 
  :: p25 <cnt t>, globalrelay gr
 
 
  -> p21 <cnt t>, globalrelay gr,
 
 
  elem <elem <cnt t>>;
 
 
  ;; Method setnotify-end-sending()
 
 
  setnotify-End-sending(value) With
 
 
  Self.start-setnotify-End-sending(value, <cnt t>) ..
 
 
  Self.End-setnotify-End-sending(<cnt t>)
 
 
  :: id <value setnotify-End-sending <cnt t>> -> ;
 
 
  start-setnotify-End-sending(value, <cnt t>)
 
 
  :: End-sending old-value
 
 
  -> p31 <cnt t>, End-sending value;
 
 
  End-setnotify-End-sending(<cnt t>)
 
 
  :: p31 <cnt t> -> ;
 
 
  Where
 
 
  cs : javasocket;
 
 
  gr : globalrelay;
 
 
  stop-transmit : integer;
 
 
  out : javaoutputstream;
 
 
  dataout : javadataoutputstream;
 
 
  value, old-value : noolean;
 
 
  t: javathread;
 
 
  cnt1, cnt : integer;
 
 
  End OutputRelay; 
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  ;; DSGammaClientApp Class
  ;; -------------------------
  Class DSGammaClientApp;
  Inherit JavaApplets;
  Rename
  Applet -> DSGammaClientApp;
  javaapplet -> dsgammaclientapp;
  Interface
  Use JavaApplets, Integers, JavaEvents, Booleans;
 
  Methods
 
  action _ : javaevent javaobject boolean;
 
  ;; extra methods
 
  action-textfield _ : integer;
 
  action-result _ : integer;
 
  action-stop-button;
 
  Body
 
  Use Defaults, TakeoffGlobal, TakeoffLocal,
 
  JavaSockets, JavaDataInputStreams, JavaDataOutputStreams,
 
  JavaInputStreams, JavaOutputStreams,
 
  JavaVectors, ThreadIdentity,
 
  PairIntegerThreadIdentity;
 
  Methods
 
  start-action _ _ : javaevent javaobject threadidentity;
 
  End-action _ : boolean threadidentity;
 
  Places
 
  ;; Global Variables
 
  socket _ : javasocket;
 
  datainputstream _ : javadatainputstream;
 
  dataoutputstream _ : javadataoutputstream;
 
  inputstream _ : javainputstream;
 
  outputstream _ : javaoutputstream;
 
  MSInt _ : javavector;
 
  takeofflocal _ : takeofflocal;
 
  takeoffglobal _ : takeoffglobal;
 
 
 
  port _ : integer;
 
  host _ : javastring;
 
  stop-transmit _ : integer;
 
  stop-connection _ : integer;
 
  ;; Local Variables
 
  entering-int _ : pair-integerthreadidentity;
 
  result _ : pair-integerthreadidentity;
 
  p21 _ , p22 _ , p23 _ , p24 _ , p25 _ , p26 _ , p27 _ , p28 _ ,
 
  p29 _ , p210 _ , p211 _ , p212 _ , p213 _ , p214 _ ,
 
  p215 _ , p216 _ ,
 
  p31 _ , p32 _ , p33 _ , p34 _ , p35 _ ,
 
  p41 _ , p42 _ , p43 _ ,
 
  p51 _ , p52 _ , p53 _ , p54 _ ,
 
  p61 _ , p62 _ , p63 _ : threadidentity;
 
  Initial
 
  port PORT;
 
  stop-transmit STOP-TRANSMIT;
 
  stop-connection STOP-CONNECTION;
 
  host REMOTE-HOST;
 
  Axioms
 
  ;; respecify JavaApplet.initB
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  init With Self.start-init(<cnt t>) ..
 
  Self.End-init(<cnt t>)
 
  :: id <[] <cnt t>>
 
  -> ;
 
  ;; respecify JavaApplet.start-init
 
  start-init(<cnt t>)
 
  ::
 
  -> p21 <cnt t>;
 
  ;; creates a socket
 
  next With Counter.get(cnt1) ..
 
  JavaSocket.register(<[host,port] Create <cnt1 t>>)
 
  :: p21 <cnt t>,
 
  host host, port port
 
  -> p22 <cnt t>,
 
  host host, port port;
 
  next With s.Create(host,port)
 
  :: p22 <cnt t>,
 
  host host, port port
 
  -> p22 <cnt t>,
 
  host host, port port, socket s;
 
  ;; gets JavaInputStream associated to the socket
 
  next With Counter.get(cnt1) ..
 
  s.register(<[] getInputStream <cnt1 t>>)
 
  :: p23 <cnt t>, socket s
 
  -> p24 <cnt t>, socket s;
 
  next With s.getInputStream(In)
 
  :: p24 <cnt t>, socket s
 
  -> p25 <cnt t>, socket s, inputstream In;
 
  ;; creates an instance of JavaDataInputStream
 
  next With Counter.get(cnt1) ..
 
  JavaDataInputStream.register(<In Create <cnt1 t>>)
 
  :: p25 <cnt t>, inputstream In
 
  -> p26 <cnt t>, inputstream In;
 
  next With datain.Create(In)
 
  :: p26 <cnt t>, inputstream In
 
  -> p27 <cnt t>, inputstream In,
 
  datainputstream datain;
 
  ;; get JavaOutputStream associated to the socket
 
  next With Counter.get(cnt1) ..
 
  s.register(<[] getOutputStream <cnt1 t>>)
 
  :: p27 <cnt t>, socket s
 
  -> p28 <cnt t>, socket s;
 
  next With s.getOutputStream(out)
 
 
  :: p28 <cnt t>, socket s
 
 
  -> p29 <cnt t>, socket s, outputstream out;
 
 
  ;; creates an instance of JavaDataOutputStream
 
 
  next With Counter.get(cnt1) ..
 
 
  JavaDataOutputStream.register(<out Create <cnt1 t>>)
 
 
  :: p29 <cnt t>, outputstream out
 
 
  -> p210 <cnt t>, outputstream out;
 
 
  next With dataout.Create(out)
 
 
  :: p210 <cnt t>, outputstream out
 
 
  -> p211 <cnt t>, outputstream out,
 
 
  dataoutputstream dataout;
 
 
 
 
 
  ;; Creates an instance of JavaVector
 
 
  next With Counter.get(cnt1) .. 
 
 
A
P
P
E
N
D
I
X
B
 
D
S
G
A
M
M
A
S
Y
S
T
E
M
 
 
  JavaVector.register(<[] Create <cnt1 t>>)
 
 
  :: p211 <cnt t>
 
 
  -> p212 <cnt t>;
 
 
  next With MSInt.Create
 
 
  :: p212 <cnt t>
 
 
  -> p213 <cnt t>, MSInt MSInt;
 
 
  ;; ... Creates an instance of JavaTextField,
 
 
  ;; JavaTextArea, and two instances of JavaButton
 
 
  ;; Creates an instance of TakeoffLocal
 
 
  next With Counter.get(cnt1) ..
 
 
  TakeoffLocal.register(
 
 
  <[dataout,MSInt,textarea,stop-connection]
 
 
  new-TakeoffLocal <cnt1 t>>)
 
 
  :: p212 <cnt t>, dataoutputstream dataout,
 
 
  MSInt MSInt, textarea textarea,
 
 
  stop-connection stop-connection
 
 
  -> p213 <cnt t>, dataoutputstream dataout,
 
 
  MSInt MSInt, textarea textarea,
 
 
  stop-connection stop-connection;
 
 
  next With takeofflocal.new-TakeoffLocal(
 
 
  dataout,MSInt,textarea,stop-connection)
 
 
  :: p213 <cnt t>, dataoutputstream dataout,
 
 
  MSInt MSInt, textarea textarea,
 
 
  stop-connection stop-connection
 
 
  -> p214 <cnt t>, dataoutputstream dataout,
 
 
  MSInt MSInt, textarea textarea,
 
 
  stop-connection stop-connection,
 
 
  takeofflocal takeofflocal;
 
 
  ;; Creates an instance of TakeoffGlobal
 
 
  next With Counter.get(cnt1) ..
 
 
  TakeoffGlobal.register(
 
 
  <[datain,MSInt,textarea,takeofflocal,stop-transmit]
 
 
  new-TakeoffGlobal <cnt1 t>>)
 
 
  :: p214 <cnt t>, datainputstream datain,
 
 
  MSInt MSInt, textarea textarea, takeofflocal takeofflocal,
 
 
  stop-transmit stop-transmit
 
 
  -> p215 <cnt t>, datainputstream datain,
 
 
  MSInt MSInt, textarea textarea, takeofflocal takeofflocal,
 
 
  stop-transmit stop-transmit;
 
 
  next With takeoffglobal.new-TakeoffGlobal(
 
 
  datain,MSInt,textarea,takeofflocal,stop-transmit)
 
 
  :: p215 <cnt t>, datainputstream datain,
 
 
  MSInt MSInt, textarea textarea, takeofflocal takeofflocal,
 
 
  stop-transmit stop-transmit
 
 
  -> p216 <cnt t>, datainputstream datain,
 
 
  MSInt MSInt, textarea textarea, takeofflocal takeofflocal,
 
 
  stop-transmit stop-transmit,
 
 
  takeoffglobal takeoffglobal;
 
 
  ;; respecify JavaApplet.end-init
 
 
  End-init(<cnt t>)
 
 
  :: p216 <cnt t>
 
 
  -> ;
 
 
  ;; respecify JavaApplet.start-stop
 
 
  start-stop(<cnt t>)
 
 
  :: -> p31 <cnt t>;
 
 
  ;; close datainputstream
 
 
  next With Counter.get(cnt1) ..B
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  datain.register(<[] close <cnt1 t>>)
 
 
  :: p31 <cnt t>, datainputstream datain
 
 
  -> p32 <cnt t>, datainputstream datain;
 
 
  next With datain.close
 
 
  :: p32 <cnt t>, datainputstream datain
 
 
  -> p33 <cnt t>;
 
 
  ;; close dataoutputstream
 
 
  next With Counter.get(cnt1) ..
 
 
  dataout.register(<[] close <cnt1 t>>)
 
 
  :: p33 <cnt t>, dataoutputstream dataout
 
 
  -> p34 <cnt t>, dataoutputstream dataout;
 
 
  next With dataout.close
 
 
  :: p34 <cnt t>, dataoutputstream dataout
 
 
  -> p35 <cnt t>;
 
 
  ;; close socket
 
 
  next With Counter.get(cnt1) ..
 
 
  s.register(<[] close <cnt1 t>>)
 
 
  :: p33 <cnt t>, socket s
 
 
  -> p34 <cnt t>, socket s;
 
 
  next With s.close
 
 
  :: p34 <cnt t>, socket s
 
 
  -> p35 <cnt t>;
 
 
 
 
 
  ;; respecify JavaApplet.end-stop
 
 
  End-stop(<cnt t>)
 
 
  :: p35 <cnt t> -> ;
 
 
  ;; Method action-textfield
 
 
  action-textfield(i) With Counter.get(cnt1) ..
 
 
  Self.register(<[event-textfield,textfield]
 
 
  action <cnt1 Self>>) ..
 
 
  Self.action(event-textfield,textfield,b)
 
 
  :: -> entering-int <i <cnt1,Self>>;
 
 
  ;; Method action-stop-button
 
 
  action-stop-button With Counter.get(cnt1) ..
 
 
  Self.register(<[event-stop-button,
 
 
  stop-button] action <cnt1 Self>>) ..
 
 
  Self.action(event-stop-button,stop-button,b)
 
 
  :: -> ;
 
 
  ;; Method action-result
 
 
  action-result(i) With Counter.get(cnt1) ..
 
 
  Self.register(<[event-result-button,
 
 
  result-button] action <cnt1 Self>>) ..
 
 
  Self.action(event-result-button,result-button,b)
 
 
  :: result <i<cnt1 Self>> -> ;
 
 
  ;; Method action
 
 
  action(e,o,b) With
 
 
  Self.start-action(e,o,<cnt t>) ..
 
 
  Self.End-action(b,<cnt t>)
 
 
  :: id <[e,o] action <cnt t>>
 
 
  -> ;
 
 
  ;; event coming from textfield: user enters an integer
 
 
  start-action(event-textfield,textfield,<cnt t>)
 
 
  ::
 
 
  -> p41 <cnt t>;
 
 
  ;; add new integer to MSInt
 
 
  next With Counter.get(cnt1) .. 
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  MSInt.register(<i addElement <cnt1, t>))
 
 
  :: p41 <cnt t>, entering-int <i <cnt t>>,
 
 
  MSInt MSInt
 
 
  -> p42 <cnt t>, entering-int <i <cnt t>>,
 
 
  MSInt MSInt;
 
 
  next With MSInt.addElement(i)
 
 
  :: p42 <cnt t>, entering-int <i <cnt t>>,
 
 
  MSInt MSInt;
 
 
  -> p43 <cnt t>, MSInt MSInt;
 
 
  End-action(true,<cnt t>)
 
 
  :: p43 <cnt t> -> ;
 
 
  ;; event coming from stop-button: user wants to exit
 
 
  start-action(event-stop-button,stop-button,<cnt t>)
 
 
  :: -> p61 <cnt t>;
 
 
  ;; send stop-transmit signal to server
 
 
  next With Counter.get(cnt1) ..
 
 
  dataout.register(<stop-transmit writeInt <cnt1 t>>)
 
 
  :: p61 <cnt t>, stop-transmit stop-transmit,
 
 
  dataoutputstream dataout
 
 
  -> p62 <cnt t>, stop-transmit stop-transmit,
 
 
  dataoutputstream dataout;
 
 
  next With dataout.writeInt(stop-transmit)
 
 
  :: p62 <cnt t>, stop-transmit stop-transmit,
 
 
  dataoutputstream dataout
 
 
  -> p63 <cnt t>, stop-transmit stop-transmit,
 
 
  dataoutputstream dataout;
 
 
  End-action(true,<cnt t>)
 
 
  :: p63 <cnt t> ->;
 
 
  ;; event coming from result-button: user wants to see result
 
 
  start-action(event-result-button,result-button,<cnt t>)
 
 
  :: -> p51 <cnt t>;
 
 
  ;; reads an integer in MSInt
 
 
  next With Counter.get(cnt1) ..
 
 
  MSInt.register(<0 elementAt <cnt1 t>>)
 
 
  :: p52 <cnt t>, MSInt MSInt
 
 
  -> p53 <cnt t>, MSInt MSInt;
 
 
  next With MSInt.elementAt(0,i)
 
 
  :: p53 <cnt t>, MSInt MSInt
 
 
  -> p54 <cnt t>, MSInt MSInt, result <i <cnt t>>;
 
 
  End-action(true,<cnt t>)
 
 
  :: p54 <cnt t> ->;
 
 
  Where
 
 
  t: javathread;
 
 
  s: javasocket;
 
 
  In : javainputstream;
 
 
  out : javaoutputstream;
 
 
  datain : javadatainputstream;
 
 
  dataout : javadataoutputstream;
 
 
  takeofflocal : takeofflocal;
 
 
  takeoffglobal: takeoffglobal;
 
 
  MSInt : javavector;
 
 
  cnt, cnt1 : integer;
 
 
  i: integer;
 
 
  host : javastring;
 
 
  port : integer;
 
 
  b: boolean;
 
 
  End DSGammaClientApp;
 
 
 B
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  ;; TakeoffLocal class
 
 
  ;; -------------------------
 
 
  Class TakeoffLocal;
 
 
  Inherit JavaThreads;
 
 
  Rename
 
 
  Thread -> TakeoffLocal;
 
 
  javathread -> takeofflocal;
 
 
  Interface
 
 
  Use JavaThreads, Integers, JavaDataOutputStreams,
 
 
  JavaVectors, JavaTextAreas, Booleans;
 
 
  Methods
 
 
  run;
 
 
  set-End-reception _ : boolean;
 
 
  Creation
 
 
  new-TakeoffLocal _ ___:javadataoutputstream javavector
 
 
  javatextarea integer;
 
 
  Body
 
 
  Use Random, PairIntegerThreadIdentity, ThreadIdentity;
 
 
  Methods
 
 
  start-run _ : threadidentity;
 
 
  start-set-End-reception _ _ : boolean threadidentity;
 
 
  End-set-End-reception _ : threadidentity;
 
 
  start-new-TakeoffLocal _ _ _ - : javadataoutputstream javavector
 
 
  javatextarea integer threadidentity;
 
 
  End_new-TakeoffLocal _ : threadidentity;
 
 
  Places
 
 
  ;; Global Variables
 
 
  End-reception _ : boolean;
 
 
  dataoutputstream _ : javadataoutputstream;
 
 
  MSInt _ : javavector;
 
 
  textarea _ : javatextarea;
 
 
  stop-connection _ : integer;
 
 
  ;; Local Variables
 
 
  random, elem-to-send _ : pair-integerthreadidentity;
 
 
  p11 _ , p12_,p 1 3_,
 
 
  p21 _ , p22 _ , p23 _ , p24 _ , p25 _ , p26 _ , p27 _ , p28 _ ,
 
 
  p29 _ , p210 _ , p211 _ , p212 _ , p213 _ , p214 _ ,
 
 
  p31 __ : threadidentity;
 
 
  Initial
 
 
  End-reception false;
 
 
  Axioms
 
 
  ;; Method new-TakeoffLocal
 
 
  new-TakeoffLocal(dataout, MSInt, textarea, stop-connection) With
 
 
  TakeoffLocal.getregister(
 
 
  <[dataout, MSInt, textarea, stop-connection]
 
 
  new-TakeoffLocal <cnt t>>) ..
 
 
  Self.start-new-TakeoffLocal(dataout, MSInt, textarea,
 
 
  stop-connection,<cnt t>) ..
 
 
  Self.End-new-TakeoffLocal(<cnt t>)
 
 
  :: -> ;
 
 
  start-new-TakeoffLocal(dataout,MSInt,
 
 
  textarea,stop-connection,<cnt t>)
 
 
  ::
 
 
  -> p11 <cnt t>,
 
 
  dataoutputstream dataout, MSInt MSInt,
 
 
  textarea textarea, stop-connection stop-connection;
 
 
  ;; starts itself
 
 
  next With Counter.get(cnt1) .. 
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  Self.register(<[] start <cnt1 t>>)
 
 
  :: p11 <cnt t>
 
 
  -> p12 <cnt t>;
 
 
  next With Self.start(<cnt1 t>)
 
 
  :: p12 <cnt t>
 
 
  -> p13 <cnt t>;
 
 
  End-new-TakeoffLocal(<cnt t>)
 
 
  :: p13 <cnt t>
 
 
  -> ;
 
 
  ;; Method run()
 
 
  run With Self.start-run(<cnt t>)
 
 
  :: id <[] run <cnt t>> -> ;
 
 
  start-run(<cnt t>)
 
 
  ::
 
 
  -> p21 <cnt t>, p29 <cnt t>;
 
 
  ;; the stop signal has been received,
 
 
  ;; then check if MSInt is empty
 
 
  next With Counter.get(cnt1) ..
 
 
  MSInt.register(<[] isEmpty <cnt1 t>>)
 
 
  :: p21 <cnt t>
 
 
  End-reception true, MSInt MSInt
 
 
  -> p22 <cnt t>, MSInt MSInt;
 
 
  ;; MSInt is empty
 
 
  next With MSInt.isEmpty(true)
 
 
  :: p22 <cnt t>, MSInt MSInt
 
 
  -> p23 <cnt t>, MSInt MSInt;
 
 
  ;; loops until MSInt is empty
 
 
  next With MSInt.isEmpty(false)
 
 
  :: p22 <cnt t>, MSInt MSInt
 
 
  -> p21 <cnt t>, MSInt MSInt;
 
 
 
 
 
  ;; stop signal has been received and MSInt is empty
 
 
  ;; then send the stop signal to server and ...
 
 
  next With Counter.get(cnt1) ..
 
 
  dataout.register(<stop-connection writeInt <cnt1 t>>)
 
 
  :: p23 <cnt t>, stop-connection stop-connection,
 
 
  dataoutputstream dataout
 
 
  -> p24 <cnt t>, stop-connection stop-connection,
 
 
  dataoutputstream dataout;
 
 
  next With dataout.writeInt(stop-connection)
 
 
  :: p24 <cnt t>, dataoutputstream dataout,
 
 
  stop-connection stop-connection
 
 
  -> p25 <cnt t>, dataoutputstream dataout,
 
 
  stop-connection stop-connection;
 
 
  ;; .. and flush dataout ...
 
 
  next With Counter.get(cnt1) ..
 
 
  dataout.register(<[] flush <cnt1 t>>)
 
 
  :: p25 <cnt t>,
 
 
  dataoutputstream dataout
 
 
  -> p26 <cnt t>,
 
 
  dataoutputstream dataout;
 
 
  next With dataout.flush
 
 
  :: p26 <cnt t>, dataoutputstream dataout
 
 
  -> p27 <cnt t>, dataoutputstream dataout;
 
 
 
 
 
  ;; ... and stops itself
 
 
  next With Counter.get(cnt1) ..
 
 
  Self.register(<[] stop <cnt1 t>>)B
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  :: p27 <cnt t>
 
 
  -> p28 <cnt t>;
 
 
  next With Self.stop
 
 
  :: p28 <cnt t>
 
 
  -> ;
 
 
 
 
 
  ;; MSInt has to be emptied
 
 
  ;; gets an integer from MSInt (random position)
 
 
  next With Random.get(random) ..
 
 
  Counter.get(cnt1) ..
 
 
  MSInt.register(<random elementAt <cnt1 t>>)
 
 
  :: p29 <cnt t>, MSInt MSInt
 
 
  -> p210 <cnt t>
 
 
  MSInt MSInt, random <random <cnt t>>;
 
 
  next With MSInt.elementAt(random,i)
 
 
  :: p210 <cnt t>, MSInt MSInt, random <random <cnt t>>
 
 
  -> p211 <cnt t>, MSInt MSInt, random <random <cnt t>>,
 
 
  elem-to-send <i <cnt t>>;
 
 
  next With Counter.get(cnt1) ..
 
 
  MSInt.register(<random removeElementAt <cnt1 t>>)
 
 
  :: p211 <cnt t>, MSInt MSInt, random <random <cnt t>>
 
 
  -> p212 <cnt t>, MSInt MSInt, random <random <cnt t>>;
 
 
  next With MSInt.removeElementAt(random)
 
 
  :: p212 <cnt t>, MSInt MSInt, random <random <cnt t>>
 
 
  -> p213 <cnt t>, MSInt MSInt;
 
 
  ;; sends integer to server and loops until MSInt is empty
 
 
  next With Counter.get(cnt1) ..
 
 
  dataout.register(<i writeInt <cnt1 t>>)
 
 
  :: p213 <cnt t>, elem-to-send <i <cnt t>>,
 
 
  dataoutputstream dataout
 
 
  -> p214 <cnt t>, elem-to-send <i <cnt t>>,
 
 
  dataoutputstream dataout;
 
 
  next With dataout.writeInt(i)
 
 
  :: p214 <cnt t>, elem-to-send <i <cnt t>>,
 
 
  dataoutputstream dataout
 
 
  -> p29 <cnt t>, dataoutputstream dataout;
 
 
  ;; Method set-end-reception
 
 
  set-End-reception(value) With
 
 
  Self.start-set-End-reception(value, <cnt t>) ..
 
 
  Self.set-End-reception(<cnt t>)
 
 
  :: id <value set-End-reception <cnt t>> -> ;
 
 
  start-set-End-reception(value,<cnt t>)
 
 
  :: End-reception old-value
 
 
  -> p31 <cnt t>, End-reception value;
 
 
  End-set-End-reception(<cnt t>)
 
 
  :: p31 <cnt t> -> ;
 
 
  Where
 
 
  value, old-value : boolean;
 
 
  stop-connection : integer;
 
 
  dataout : javadataoutputstream;
 
 
  MSInt : javavector;
 
 
  textarea : javatextarea;
 
 
  t: javathread;
 
 
  cnt, cnt1 : integer;
 
 
  random : integer;
 
 
  End TakeoffLocal;
 
 
 
 
 
  ;; TakeoffGlobal class
 
 
  ;;----------------------- 
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  Class TakeoffGlobal
 
 
  Inherit JavaThreads;
 
 
  Rename
 
 
  Thread -> TakeoffGlobal;
 
 
  javathread -> takeoffglobal;
 
 
  Interface
 
 
  Use JavaThreads, Integers, JavaDataInputStreams, JavaVectors,
 
 
  JavaTextAreas, TakeoffLocal;
 
 
  Methods
 
 
  run;
 
 
  Creation
 
 
  new-TakeoffGlobal _ _ ___:javadatainputstream javavector
 
 
  javatextarea takeofflocal integer;
 
 
  Body
 
 
  Use Booleans, Random, Clock, PairIntegerThreadIdentity,
 
 
  ThreadIdentity;
 
 
  Methods
 
 
  start-run _ : threadidentity;
 
 
  start-new-TakeoffGlobal ______:javadatainputstream
 
 
  javavector javatextarea takeofflocal
 
 
  integer threadidentity;
 
 
  End-new-TakeoffGlobal _ : threadidentity;
 
 
  Transitions
 
 
  tik;
 
 
  Places
 
 
  ;; Global Variables
 
 
  datainputstream _ : javadatainputstream;
 
 
  MSInt _ : javavector;
 
 
  textarea _ : javatextarea;
 
 
  takeofflocal _ : takeofflocal;
 
 
  stop-transmit _ : integer;
 
 
  timeout _ : integer;
 
 
  ;; Local Variables
 
 
  first, second,
 
 
  result _ : pair-integerthreadidentity;
 
 
 
 
 
  p11 _ , p12 _ , p13 _ , p14 _ ,
 
 
  p21 _ , p22 _ , p23 _ , p24 _ , p25 _ , p26 _ , p27 _ , p28 _ ,
 
 
  p29 _ , p210 _ , p211 _ , p212 _ , p213 _ ,
 
 
  p214 _ , p215 _ : threadidentity;
 
 
  Axioms
 
 
  ;; Method new-TakeoffGlobal
 
 
  new-TakeoffGlobal(datain, MSInt, textarea,
 
 
  tl,stop-transmit) With
 
 
  TakeoffGlobal.getregister(
 
 
  <[datain,MSInt,textarea,tl,stop-transmit]
 
 
  new-TakeoffGlobal <cnt t>>) ..
 
 
  Self.start-new-TakeoffGlobal(datain, MSInt, textarea,
 
 
  tl,stop-transmit,<cnt t>) ..
 
 
  Self.End-new-TakeoffGlobal(<cnt t>)
 
 
  :: -> ;
 
 
  start-new-TakeoffGlobal(datain, MSInt, textarea, tl,
 
 
  stop-transmit, <cnt t>)
 
 
  ::
 
 
  -> p11 <cnt t>, datainputstream datain, MSInt MSInt,
 
 
  textarea textarea, takeofflocal tl,
 
 
  stop-transmit stop-transmit;
 
 
  ;; starts itself
 
 
  next With Counter.get(cnt1) ..B
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  Self.register(<[] start <cnt1 t>>)
 
 
  :: p11 <cnt t>
 
 
  -> p12 <cnt t>;
 
 
  next With Self.start(<cnt1 t>)
 
 
  :: p12 <cnt t>
 
 
  -> p13 <cnt t>;
 
 
  End-new-TakeoffGlobal(<cnt t>)
 
 
  :: p13 <cnt t>
 
 
  -> ;
 
 
  ;; Method run()
 
 
  run With Self.start-run(<cnt t>)
 
 
  :: id <[] run <cnt t>> -> ;
 
 
  start-run(<cnt t>)
 
 
  ::
 
 
  -> p21 <cnt t>;
 
 
 
 
 
  ;; get the first integer
 
 
  next With Counter.get(cnt1) ..
 
 
  datain.register(<[] readInt <cnt1 t>>)
 
 
  :: p21 <cnt t>, datainputstream datain
 
 
  -> p22 <cnt t>, datainputstream datain;
 
 
  ;; first integer is not a stop signal
 
 
  next With (datain.readInt(first) ..
 
 
  Random.get(millis) // C.clock(hour))
 
 
  :: (first = stop-transmit) = false
 
 
  => p22 <cnt t>, datainputstream datain,
 
 
  stop-transmit stop-transmit
 
 
  -> p23 <cnt t>, datainputstream datain,
 
 
  stop-transmit stop-transmit,
 
 
  first <first <cnt t>>, timeout (hour + millis);
 
 
  ;; first integer is a stop signal
 
 
  next With (datain.readInt(first)
 
 
  :: (first = stop-transmit) = true
 
 
  => p22 <cnt t>, datainputstream datain,
 
 
  stop-transmit stop-transmit
 
 
  -> p210 <cnt t>, datainputstream datain,
 
 
  stop-transmit stop-transmit,
 
 
  first <first <cnt t>>;
 
 
  ;; get the second integer
 
 
  next With Counter.get(cnt1) ..
 
 
  datain.register(<[] readInt <cnt1 t>>)
 
 
  :: p23 <cnt t>, datainputstream datain, timeout d
 
 
  -> p24 <cnt t>, datainputstream datain;
 
 
  ;; second integer is not a stop signal
 
 
  next With datain.readInt(second)
 
 
  :: (second = stop-transmit) = false
 
 
  => p24 <cnt t>, datainputstream datain,
 
 
  stop-transmit stop-transmit
 
 
  -> p25 <cnt t>, datainputstream datain,
 
 
  stop-transmit stop-transmit,
 
 
  second <second <cnt t>>;
 
 
  ;; add first+second to MSInt
 
 
  next With Counter.get(cnt1) ..
 
 
  MSInt.register(<first + second addElement <cnt1 t>>)
 
 
  :: p25 <cnt t>, MSInt MSInt,
 
 
  first <first <cnt t>>,
 
 
  second <second <cnt t>> 
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  -> p26 <cnt t>, MSInt MSInt,
 
 
  first <first <cnt t>>,
 
 
  second <second <cnt t>>;
 
 
  next With MSInt.addElement(first + second)
 
 
  :: p26 <cnt t>, MSInt MSInt,
 
 
  first <first <cnt t>>,
 
 
  second <second <cnt t>>
 
 
  -> p27 <cnt t>, MSInt MSInt;
 
 
  ;; second integer is a stop signal
 
 
  next With datain.readInt(second)
 
 
  :: (second = stop-transmit) = true
 
 
  => p24 <cnt t>, datainputstream datain,
 
 
  stop-transmit stop-transmit
 
 
  -> p28 <cnt t>, datainputstream datain,
 
 
  stop-transmit stop-transmit;
 
 
  ;; add only first integer to MSInt
 
 
  next With Counter.get(cnt1) ..
 
 
  MSInt.register(<first addElement <cnt1 t>>)
 
 
  :: p28 <cnt t>, MSInt MSInt,
 
 
  first <first <cnt t>>
 
 
  -> p29 <cnt t>, MSInt MSInt,
 
 
  first <first <cnt t>>;
 
 
  next With MSInt.addElement(first)
 
 
  :: p29 <cnt t>, MSInt MSInt,
 
 
  first <first <cnt t>>
 
 
  -> p210 <cnt t>, MSInt MSInt;
 
 
  ;; prevent deadlock when no sufficient integers.
 
 
  ;; tik adds only first to MSInt and loops for new integers.
 
 
  tik With C.clock(hour)
 
 
  :: (hour > d) = true
 
 
  => p23 <cnt t>, timeout d
 
 
  -> p214 <cnt t>;
 
 
  ;; adds only first to MSInt
 
 
  next With Counter.get(cnt1) ..
 
 
  MSInt.register(<first addElement <cnt1 t>>)
 
 
  :: p214 <cnt t>, MSInt MSInt,
 
 
  first <first <cnt t>>
 
 
  -> p215 <cnt t>, MSInt MSInt,
 
 
  first <first <cnt t>>;
 
 
  next With MSInt.addElement(first)
 
 
  :: p215 <cnt t>, MSInt MSInt,
 
 
  first <first <cnt t>>
 
 
  -> p21 <cnt t>, MSInt MSInt;
 
 
 
 
 
  ;; a stop signal has been received, then
 
 
  ;; forward it to tl ...
 
 
  next With Counter.get(cnt1) ..
 
 
  tl.register(<true set-End-reception <cnt1 t>>)
 
 
  :: p210 <cnt t>, takeofflocal tl
 
 
  -> p211 <cnt t>, takeofflocal tl;
 
 
  next With tl.set-End-reception(true)
 
 
  :: p211 <cnt t>, takeofflocal tl
 
 
  -> p212 <cnt t>, takeofflocal tl, ;
 
 
 
 
 
  ;;; ... and stops
 
 
  next With Counter.get(cnt1) ..
 
 
  Self.register(<[] stop <cnt1 t>>)
 
 
  :: p212 <cnt t>B
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  -> p213 <cnt t>;
 
 
  next With Self.stop
 
 
  :: p213 <cnt t>
 
 
  -> ;
 
 
  Where
 
 
  datain : javadatainputstream;
 
 
  MSInt : javavector;
 
 
  textarea : javatextarea;
 
 
  tl : takeofflocal;
 
 
  t: javathread;
 
 
  cnt1, cnt : integer
 
 
  stop-transmit : integer;
 
 
  first, second : integer;
 
 
  hour, millis, d : integer;
 
 
  End TakeoffGlobal;
B
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  ;; JVM Class
  :: ------------
  Class JVM;
  Interface
  Use JavaStrings, JavaArrayStrings;
  Method
  java _ _ : javastring java-arraystring;
  Object JVM : jvm;
  Type jvm;
 
  Body
 
  Use JavaObject,
 
  PairJavaObjectArrayString, Counter;
 
  Place
 
  Store _ : pair-javaobjectarraystring;
 
  Transition
 
  begin;
 
  Axioms
 
  java(ClassName,args)
 
  :: -> Store <ClassName args>;
 
  begin with Counter.get(cnt) ..
 
  ClassName.register(<args main <cntClassName>>) ..
 
  ClassName.main(args)
 
  :: Store <ClassName args> -> ;
 
  Where
 
  cnt : integer;
 
  args: java-arraystring
 
  End JVM;
 
 
 
  ;; Java Object Class
 
  ;; ------------------------------------
 
  Class JavaObject;
 
  Interface
 
  Use Integers, RegisterParameters;
 
  Type javaobject;
 
  Methods
 
  wait, notify;
 
  register _ : registerparameter; 
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  getregister _ : registerparameter;
 
  Object JavaObject: javaobject;
 
  Body
 
  Use ThreadIdentity, BlackTockens, Counter,
 
  PairLockIdentity, PairThreadInteger;
 
  Methods
 
  start-notify _ : threadidentity;
 
  end-notify _ : threadidentity;
 
  start-wait _ : threadidentity;
 
  end-wait _ : threadidentity;
 
  lock _ , unlock _ : javathread;
 
  Transitions
 
  next;
 
  Places
 
  ;; Global Variables
 
  ;; set of threads waiting on the current object
 
  wait-set _ : pairlockidentity;
 
  ;; set of threads resumed by a notify
 
  resumed-set _ : pairlockidentity;
 
  ;; the Thread who is currently possessing
 
  ;; the object’s lock, together with
 
  ;; the number of current Integer locks it
 
  ;; possesses on the object.
 
  locker _ : pairthreadinteger;
 
  locked _ : blacktocken;
 
 
 
  ;; stores the method calls
 
  id _ : registerparameter;
 
  ;; execution flow
 
  p11 _ , p12 _ , p13 _ ,
 
  p21 _ , p22 _ , p23 _ : threadidentity;
 
  Axioms
 
  ;; Method register: put call into id place
 
  register(regpar)
 
  :: -> id regpar;
 
  ;; Remove call from id (for dynamic creations only)
 
  getregister(regpar)
 
  :: id (regpar) -> ;
 
 
 
  ;; Method wait
 
  wait with self.start-wait(<cnt t>) ..
 
  self.end-wait(<cnt t>)
 
  :: id <[] wait <cnt t>>
 
  -> ;
 
 
 
  start-wait(<cnt t>)
 
  ::
 
  -> p11 <cnt t>;
 
  ;; it is necessary to have a lock on the
 
  ;; object in order to continue and
 
  ;; to release all the locks
 
  next
 
  :: p11 <cnt t>, locker <t i>
 
  -> p12 <cnt t>, locked @, wait-set <<t i> <cnt t>>;
 
  ;; reacquires all the locks on the object
 
  next with self.lock(t)
 
  :: p12 <cnt t>, resumed-set <<t j+1> <cnt t>>
 
  -> p12 <cnt t>, resumed-set <<t j><cnt t>>
 
  end-wait(<cnt t>)B
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  :: p12 <cnt t>, resumed-set <<t0><cnt t>>
 
  -> ;
 
 
 
 
 
 
 
  ;; Method notify
 
 
  notify with self.start-notify(<cnt t>) ..
 
 
  self.end-notify(<cnt t>)
 
 
  :: id <[] notify <cnt t>>
 
 
  -> ;
 
 
  ;;
 
 
  start-notify(<cnt1 t1>)
 
 
  ::
 
 
  -> p21 <cnt1 t1>;
 
 
  ;; it is necessary to have a lock on the
 
 
  ;; object in order to continue
 
 
  next
 
 
  :: p21 <cnt1 t1>, locker <t1 i>
 
 
  -> p22 <cnt1 t1>, locker <t1 i>
 
 
  ;; resume a thread that is in the wait-set
 
 
  next
 
 
  :: p22 <cnt1 t1>, wait-set <<t i> ,<cnt t>>
 
 
  -> p23 <cnt1 t1>, resumed-set <<t i> <cnt t>>
 
 
  end-notify(<cnt1 t1>)
 
 
  :: p23 <cnt1 t1>
 
 
  -> ;
 
 
 
 
 
  ;; Method lock
 
 
  ;; the current locker increments the lock
 
 
  lock(t)
 
 
  :: locker <t i>
 
 
  -> locker <t i+1>;
 
 
  ;; no current locker, acquisition of the lock
 
 
  lock(t)
 
 
  :: locked @;
 
 
  -> locker <t 1>;
 
 
 
 
 
  ;; Method unlock
 
 
  ;; the current locker decrements the lock
 
 
  unlock(t)
 
 
  :: locker <t i+1>
 
 
  -> locker <t i>;
 
 
  ;; the current locker releases the lock
 
 
  unlock(t)
 
 
  :: locker <t 1>
 
 
  -> locked @;
 
 
 
 
 
  Where
 
 
  t, t1 : javaobject;
 
 
  cnt1, cnt : integer;
 
 
  i: integer;
 
 
  regpar : registerparameter;
 
 
  End JavaObject;
 
 
 
 
 
  Class Counter;
 
 
  Interface
 
 
  Use Integer;
 
 
  Type counter;
 
 
  Methods
 
 
  get _ : integer; 
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  Object Counter;
 
 
  Body
 
 
  Places
 
 
  counters : integer;
 
 
  Initial
 
 
  counters 1;
 
 
  Axioms
 
 
  get(cnt) :: counters cnt -> counters succ (cnt);
 
 
  Where
 
 
  cnt : integer;
 
 
  End Counter;
 
 
 
 
 
  ;; Java Thread class
 
 
  ;; ------------------------
 
 
  Class JavaThreads;
 
 
  Inherit JavaObject;
 
 
  Rename
 
 
  JavaObject -> Thread;
 
 
  javaobject -> javathread;
 
 
  Interface
 
 
  Use JavaObject;
 
 
  Subtype javathread -> javaobject;
 
 
  Methods
 
 
  run, start;
 
 
  Body
 
 
  Use ThreadIdentity;
 
 
  Methods
 
 
  start-run _ : threadidentity;
 
 
  start-start _ : threadidentity;
 
 
  end-start _ : threadidentity;
 
 
 
 
 
  p11 _ , p12 _ , p13 _ , p14 _ , p15 _ : threadidentity;
 
 
  Axioms
 
 
  ;; Method run
 
 
  run with start-run(<cnt t>)
 
 
  :: id <[] run <cnt t>>
 
 
  -> ;
 
 
  ;; empty (to be redefined by sub-classes)
 
 
  start-run(<cnt t>)
 
 
  :: -> ;
 
 
 
 
 
  ;; Method start
 
 
  start with start-start(<cnt t>) ..
 
 
  end-start(<cnt t>)
 
 
  :: id <[] start <cnt t>>
 
 
  -> ;
 
 
  ;; start is a synchronized method
 
 
  start-start(<cnt t>)
 
 
  ::
 
 
  -> p11 <cnt t>;
 
 
  next with self.lock(t)
 
 
  :: p11 <cnt t>
 
 
  -> p12 <cnt t>;
 
 
  ;; start causes run
 
 
  next with Counter.get(cnt1) ..
 
 
  self.register(<[] run <cnt1 self>>)
 
 
  :: p12 <cnt t>
 
 
  -> p13 <cnt t>;
 
 
  next with self.runB
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  :: p13 <cnt t>
 
 
  -> p14 <cnt t>;
 
 
  ;; it is a new execution flow, thus there is no need
 
 
  ;; to wait for the end of the run method
 
 
  next with self.unlock(t)
 
 
  :: p14 <cnt t>
 
 
  -> p15 <cnt t>;
 
 
  end-start(<cnt t>)
 
 
  :: p15 <cnt t>
 
 
  -> ;
 
 
  Where
 
 
  t: javathread;
 
 
  cnt, cnt1 : integer;
 
 
  End JavaThreads;
B
 
 
I
m
p
l
e
m
e
n
t
a
t
i
o
n
 
T
h
e
J
a
v
a
P
r
o
g
r
a
m
H
e
r
e
i
s
t
h
e
J
a
v
a
p
r
o
g
r
a
m
d
e
s
c
r
i
b
e
d
i
n
S
e
c
t
i
o
n
 
 
 
 
S
e
r
v
e
r
S
i
d
e
 
p
a
c
k
a
g
e
R
e
l
a
y
S
e
r
v
e
r
 
 
i
m
p
o
r
t
j
a
v
a
 
i
o
 
 
 
 
i
m
p
o
r
t
j
a
v
a
 
n
e
t
 
 
 
 
i
m
p
o
r
t
j
a
v
a
 
u
t
i
l
 
 
 
 
 
 
 
 
C
r
e
a
t
e
s
e
v
e
r
a
l
s
o
c
k
e
t
c
o
n
n
e
c
t
i
o
n
s
w
i
t
h
s
e
v
e
r
a
l
c
l
i
e
n
t
s
 
 
A
c
t
a
s
a
r
a
n
d
o
m
r
e
l
a
y
b
e
t
w
e
e
n
a
l
l
t
h
e
c
l
i
e
n
t
s
 
 
D
a
t
a
s
e
n
t
a
l
o
n
g
t
h
e
s
o
c
k
e
t
m
u
s
t
b
e
o
f
t
y
p
e
i
n
t
 
 
 
 
 
 
p
u
b
l
i
c
c
l
a
s
s
R
a
n
d
o
m
R
e
l
a
y
S
e
r
v
e
r
e
x
t
e
n
d
s
T
h
r
e
a
d
 
 
 
 
 
 
d
e
f
a
u
l
t
v
a
l
u
e
f
o
r
t
h
e
s
e
r
v
e
r
p
o
r
t
i
s
 
 
 
 
 
 
 
 
p
u
b
l
i
c
f
i
n
a
l
s
t
a
t
i
c
i
n
t
D
E
F
A
U
L
T
 
P
O
R
T
 
 
 
 
 
 
 
 
p
u
b
l
i
c
f
i
n
a
l
s
t
a
t
i
c
i
n
t
S
T
O
P
 
T
R
A
N
S
M
I
T
 
 
 
 
 
 
p
u
b
l
i
c
f
i
n
a
l
s
t
a
t
i
c
i
n
t
S
T
O
P
 
C
O
N
N
E
C
T
I
O
N
 
 
 
 
 
 
 
 
i
n
t
p
o
r
t
 
 
 
 
 
S
e
r
v
e
r
S
o
c
k
e
t
l
i
s
t
e
n
 
s
o
c
k
e
t
 
 
 
G
l
o
b
a
l
R
e
l
a
y
g
l
o
b
a
l
r
e
l
a
y
 
 
 
 
 
 
 
 
C
r
e
a
t
e
a
S
e
r
v
e
r
S
o
c
k
e
t
t
o
l
i
s
t
e
n
f
o
r
c
o
n
n
e
c
t
i
o
n
s
o
n
a
g
i
v
e
n
p
o
r
t
 
 
 
I
n
i
t
i
a
l
i
z
e
t
h
e
t
h
r
e
a
d
G
l
o
b
a
l
R
e
l
a
y
w
h
i
c
h
w
i
l
l
r
e
a
l
i
z
e
t
h
e
r
a
n
d
o
m
r
e
l
a
y
 
 
b
e
t
w
e
e
n
a
l
l
c
l
i
e
n
t
s
 
 
b
r
 
 
 
S
t
a
r
t
s
i
t
s
e
l
f
 
 
 
 
 
 
 
p
u
b
l
i
c
R
a
n
d
o
m
R
e
l
a
y
S
e
r
v
e
r
 
i
n
t
p
o
r
t
 
 
 
 
i
f
 
p
o
r
t
 
 
 
 
p
o
r
t
 
D
E
F
A
U
L
T
 
P
O
R
T
 
 
 
t
h
i
s
 
p
o
r
t
 
p
o
r
t
 
 
 
t
r
y
 
l
i
s
t
e
n
 
s
o
c
k
e
t
 
n
e
w
S
e
r
v
e
r
S
o
c
k
e
t
 
p
o
r
t
 
 
 
 
 
c
a
t
c
h
 
I
O
E
x
c
e
p
t
i
o
n
e
 
 
 
 
S
y
s
t
e
m
 
o
u
t
 
p
r
i
n
t
l
n
 
 
E
x
c
e
p
t
i
o
n
c
r
e
a
t
i
n
g
s
e
r
v
e
r
s
o
c
k
e
t
 
 
e
 
 
 
 
 
 
 
S
y
s
t
e
m
 
o
u
t
 
p
r
i
n
t
l
n
 
 
R
a
n
d
o
m
R
e
l
a
y
S
e
r
v
e
r
 
l
i
s
t
e
n
i
n
g
o
n
p
o
r
t
 
 
p
o
r
t
 
 
 
 
g
l
o
b
a
l
r
e
l
a
y
 
n
e
w
G
l
o
b
a
l
R
e
l
a
y
 
 
 
 
 
t
h
i
s
 
s
t
a
r
t
 
 
 
 
 
  
 
 
A
P
P
E
N
D
I
X
B
 
D
S
G
A
M
M
A
S
Y
S
T
E
M
 
 
 
 
 
 
 
B
o
d
y
o
f
t
h
e
s
e
r
v
e
r
t
h
r
e
a
d
 
L
o
o
p
f
o
r
e
v
e
r
 
l
i
s
t
e
n
i
n
g
f
o
r
a
n
d
 
 
a
c
c
e
p
t
i
n
g
c
o
n
n
e
c
t
i
o
n
s
f
r
o
m
c
l
i
e
n
t
s
 
F
o
r
e
a
c
h
c
o
n
n
e
c
t
i
o
n
 
i
n
i
t
i
a
l
i
z
e
t
w
o
t
h
r
e
a
d
s
 
 
I
n
p
u
t
R
e
l
a
y
 
a
n
d
O
u
t
p
u
t
R
e
l
a
y
 
h
a
n
d
l
i
n
g
r
e
s
p
e
c
t
i
v
e
l
y
i
n
c
o
m
i
n
g
a
n
d
o
u
t
g
o
i
n
g
 
 
c
o
m
m
u
n
i
c
a
t
i
o
n
f
r
o
m
 
t
o
c
l
i
e
n
t
s
 
 
 
 
 
 
 
p
u
b
l
i
c
v
o
i
d
r
u
n
 
 
 
 
 
t
r
y
 
 
 
w
h
i
l
e
 
t
r
u
e
 
 
 
 
S
o
c
k
e
t
c
l
i
e
n
t
 
s
o
c
k
e
t
 
l
i
s
t
e
n
 
s
o
c
k
e
t
 
a
c
c
e
p
t
 
 
 
 
 
S
y
s
t
e
m
 
o
u
t
 
p
r
i
n
t
l
n
 
 
A
c
l
i
e
n
t
w
a
n
t
s
a
c
o
n
n
e
c
t
i
o
n
 
n
 
 
 
 
 
O
u
t
p
u
t
R
e
l
a
y
o
u
t
p
u
t
r
e
l
a
y
 
n
e
w
O
u
t
p
u
t
R
e
l
a
y
 
c
l
i
e
n
t
 
s
o
c
k
e
t
 
g
l
o
b
a
l
r
e
l
a
y
 
 
 
S
T
O
P
 
T
R
A
N
S
M
I
T
 
 
 
 
I
n
p
u
t
R
e
l
a
y
i
n
p
u
t
r
e
l
a
y
 
n
e
w
I
n
p
u
t
R
e
l
a
y
 
c
l
i
e
n
t
 
s
o
c
k
e
t
 
g
l
o
b
a
l
r
e
l
a
y
 
 
 
o
u
t
p
u
t
r
e
l
a
y
 
S
T
O
P
 
T
R
A
N
S
M
I
T
 
 
 
S
T
O
P
 
C
O
N
N
E
C
T
I
O
N
 
 
 
 
 
 
 
 
 
 
 
 
c
a
t
c
h
 
I
O
E
x
c
e
p
t
i
o
n
e
 
 
 
 
S
y
s
t
e
m
 
o
u
t
 
p
r
i
n
t
l
n
 
 
E
x
c
e
p
t
i
o
n
w
h
i
l
e
l
i
s
t
e
n
i
n
g
f
o
r
c
o
n
n
e
c
t
i
o
n
s
 
 
e
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
S
t
a
r
t
t
h
e
s
e
r
v
e
r
u
p
 
l
i
s
t
e
n
i
n
g
o
n
a
n
o
p
t
i
o
n
a
l
l
y
s
p
e
c
i
f
i
e
d
p
o
r
t
 
 
b
r
 
 
 
D
e
f
a
u
l
t
p
o
r
t
i
s
 
 
 
 
 
 
 
 
 
 
 
p
u
b
l
i
c
s
t
a
t
i
c
v
o
i
d
m
a
i
n
 
S
t
r
i
n
g
 
 
a
r
g
s
 
 
 
 
i
n
t
p
o
r
t
 
 
 
 
 
i
f
 
a
r
g
s
 
l
e
n
g
t
h
 
 
 
 
 
 
 
t
r
y
 
p
o
r
t
 
I
n
t
e
g
e
r
 
p
a
r
s
e
I
n
t
 
a
r
g
s
 
 
 
 
 
 
 
 
c
a
t
c
h
 
N
u
m
b
e
r
F
o
r
m
a
t
E
x
c
e
p
t
i
o
n
e
 
 
p
o
r
t
 
 
 
 
 
 
 
 
 
n
e
w
R
a
n
d
o
m
R
e
l
a
y
S
e
r
v
e
r
 
p
o
r
t
 
 
 
 
 
 
 
 
 
 
 
 
e
n
d
o
f
R
a
n
d
o
m
R
e
l
a
y
S
e
r
v
e
r
c
l
a
s
s
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
H
a
n
d
l
e
a
l
l
i
n
c
o
m
i
n
g
c
o
m
m
u
n
i
c
a
t
i
o
n
f
r
o
m
a
d
e
d
i
c
a
t
e
d
c
l
i
e
n
t
u
s
i
n
g
S
o
c
k
e
t
 
 
 
R
e
l
a
y
t
h
i
s
d
a
t
a
t
o
G
l
o
b
a
l
R
e
l
a
y
 
N
o
t
i
f
i
e
s
O
u
t
p
u
t
R
e
l
a
y
i
f
t
h
e
s
t
o
p
 
t
r
a
n
s
m
i
t
s
i
g
n
a
l
 
 
i
s
r
e
c
e
i
v
e
d
f
r
o
m
c
l
i
e
n
t
 
S
t
o
p
s
i
t
s
e
l
f
i
t
t
h
e
s
t
o
p
 
c
o
n
n
e
c
t
i
o
n
s
i
g
n
a
l
i
s
r
e
c
e
i
v
e
d
 
 
f
r
o
m
c
l
i
e
n
t
 
 
 
 
 
 
 
c
l
a
s
s
I
n
p
u
t
R
e
l
a
y
e
x
t
e
n
d
s
T
h
r
e
a
d
 
 
 
S
o
c
k
e
t
c
l
i
e
n
t
 
 
 
G
l
o
b
a
l
R
e
l
a
y
g
l
o
b
a
l
r
e
l
a
y
 
 
 
D
a
t
a
I
n
p
u
t
S
t
r
e
a
m
i
n
 
 
 
O
u
t
p
u
t
R
e
l
a
y
o
u
t
p
u
t
r
e
l
a
y
 
 
 
i
n
t
s
t
o
p
 
t
r
a
n
s
m
i
t
 
 
 
i
n
t
s
t
o
p
 
c
o
n
n
e
c
t
i
o
n
 
 
 
 
 
 
 
 
 
 
I
n
i
t
i
a
l
i
z
e
D
a
t
a
I
n
p
u
t
S
t
r
e
a
m
a
n
d
s
t
a
r
t
s
i
t
s
e
l
f
 
 
 
 
 
 
p
u
b
l
i
c
I
n
p
u
t
R
e
l
a
y
 
S
o
c
k
e
t
c
l
i
e
n
t
 
s
o
c
k
e
t
 
G
l
o
b
a
l
R
e
l
a
y
g
l
o
b
a
l
r
e
l
a
y
 
 
 
O
u
t
p
u
t
R
e
l
a
y
o
u
t
p
u
t
r
e
l
a
y
 
i
n
t
s
t
o
p
 
t
r
a
n
s
m
i
t
 
 
 
i
n
t
s
t
o
p
 
c
o
n
n
e
c
t
i
o
n
 
 
 
 
t
h
i
s
 
c
l
i
e
n
t
 
c
l
i
e
n
t
 
s
o
c
k
e
t
 
 
 
t
h
i
s
 
g
l
o
b
a
l
r
e
l
a
y
 
g
l
o
b
a
l
r
e
l
a
y
 
 
 
t
h
i
s
 
o
u
t
p
u
t
r
e
l
a
y
 
o
u
t
p
u
t
r
e
l
a
y
 
 
 
t
h
i
s
 
s
t
o
p
 
t
r
a
n
s
m
i
t
 
s
t
o
p
 
t
r
a
n
s
m
i
t
 
 
 
 
t
h
i
s
 
s
t
o
p
 
c
o
n
n
e
c
t
i
o
n
 
s
t
o
p
 
c
o
n
n
e
c
t
i
o
n
 
 
 
 
 
 
 
t
r
y
 
i
n
 
n
e
w
D
a
t
a
I
n
p
u
t
S
t
r
e
a
m
 
c
l
i
e
n
t
 
s
o
c
k
e
t
 
g
e
t
I
n
p
u
t
S
t
r
e
a
m
 
 
 
 
 
 
 
 
c
a
t
c
h
 
I
O
E
x
c
e
p
t
i
o
n
e
 
 
 
 
 
t
r
y
 
c
l
i
e
n
t
 
c
l
o
s
e
 
 
 
 B
 
 
 
I
M
P
L
E
M
E
N
T
A
T
I
O
N
 
T
H
E
J
A
V
A
P
R
O
G
R
A
M
 
 
 
 
 
 
c
a
t
c
h
 
I
O
E
x
c
e
p
t
i
o
n
e
 
 
 
 
 
 
S
y
s
t
e
m
 
o
u
t
 
p
r
i
n
t
l
n
 
 
E
x
c
e
p
t
i
o
n
w
h
i
l
e
g
e
t
t
i
n
g
s
o
c
k
e
t
s
t
r
e
a
m
s
 
 
 
e
 
 
 
 
 
 
 
 
S
y
s
t
e
m
 
o
u
t
 
p
r
i
n
t
l
n
 
 
E
x
c
e
p
t
i
o
n
w
h
i
l
e
g
e
t
t
i
n
g
s
o
c
k
e
t
s
t
r
e
a
m
s
 
 
 
e
 
 
 
 
 
r
e
t
u
r
n
 
 
 
t
o
R
a
n
d
o
m
R
e
l
a
y
S
e
r
v
e
r
 
 
 
 
 
 
 
t
h
i
s
 
s
t
a
r
t
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
B
o
d
y
o
f
I
n
p
u
t
R
e
l
a
y
 
 
b
r
 
 
 
 
R
e
a
d
d
a
t
a
f
r
o
m
D
a
t
a
I
n
p
u
t
S
t
r
e
a
m
o
f
c
l
i
e
n
t
 
 
 
 
P
u
t
d
a
t
a
t
o
G
l
o
b
a
l
R
e
l
a
y
 
 
 
 
 
 
 
 
p
u
b
l
i
c
v
o
i
d
r
u
n
 
 
 
 
 
 
i
n
t
e
l
e
m
 
 
 
 
 
 
 
t
r
y
 
 
 
 
f
o
r
 
 
 
 
 
 
 
 
 
 
R
e
a
d
a
d
a
t
a
f
r
o
m
D
a
t
a
I
n
p
u
t
S
t
r
e
a
m
o
f
c
l
i
e
n
t
 
 
 
t
r
y
 
 
 
 
e
l
e
m
 
i
n
 
r
e
a
d
I
n
t
 
 
 
 
 
 
i
f
 
e
l
e
m
 
 
s
t
o
p
 
c
o
n
n
e
c
t
i
o
n
 
 
 
 
 
 
 
c
l
i
e
n
t
h
a
s
n
o
m
o
r
e
t
o
s
e
n
d
 
 
 
S
y
s
t
e
m
 
o
u
t
 
p
r
i
n
t
l
n
 
 
I
n
p
u
t
R
e
l
a
y
 
 
t
h
i
s
 
g
e
t
N
a
m
e
 
 
 
 
 
 
 
E
x
i
t
D
S
G
a
m
m
a
d
o
n
e
 
 
n
 
 
 
 
 
 
b
r
e
a
k
 
 
 
t
o
f
i
n
a
l
l
y
 
 
 
 
 
 
 
i
f
 
e
l
e
m
 
 
s
t
o
p
 
t
r
a
n
s
m
i
t
 
 
 
 
 
 
 
c
l
i
e
n
t
w
a
n
t
s
n
o
m
o
r
e
o
n
i
t
s
i
n
p
u
t
 
o
u
r
o
u
t
p
u
t
 
 
 
 
S
y
s
t
e
m
 
o
u
t
 
p
r
i
n
t
l
n
 
 
I
n
p
u
t
R
e
l
a
y
 
 
t
h
i
s
 
g
e
t
N
a
m
e
 
 
 
 
 
 
 
E
x
i
t
D
S
G
a
m
m
a
 
s
t
o
p
s
e
n
d
i
n
g
 
 
 
r
e
c
e
i
v
e
d
f
r
o
m
c
l
i
e
n
t
 
n
 
 
 
 
 
 
o
u
t
p
u
t
r
e
l
a
y
 
s
e
t
n
o
t
i
f
y
 
e
n
d
 
s
e
n
d
i
n
g
 
t
r
u
e
 
 
 
 
 
 
 
 
 
e
l
s
e
 
 
 
 
 
 
R
e
l
a
y
d
a
t
a
t
o
G
l
o
b
a
l
R
e
l
a
y
t
h
r
e
a
d
 
 
 
 
S
y
s
t
e
m
 
o
u
t
 
p
r
i
n
t
l
n
 
 
I
n
p
u
t
R
e
l
a
y
b
e
f
o
r
e
p
u
t
 
 
t
h
i
s
 
g
e
t
N
a
m
e
 
 
 
 
 
 
e
l
e
m
 
 
 
 
 
g
l
o
b
a
l
r
e
l
a
y
 
p
u
t
 
e
l
e
m
 
 
 
 
 
S
y
s
t
e
m
 
o
u
t
 
p
r
i
n
t
l
n
 
 
I
n
p
u
t
R
e
l
a
y
a
f
t
e
r
p
u
t
 
 
t
h
i
s
 
g
e
t
N
a
m
e
 
 
 
 
 
 
e
l
e
m
 
 
 
 
 
 
 
 
 
 
 
 
 
c
a
t
c
h
 
I
O
E
x
c
e
p
t
i
o
n
e
 
 
 
 
 
S
y
s
t
e
m
 
o
u
t
 
p
r
i
n
t
l
n
 
 
I
n
p
u
t
R
e
l
a
y
 
 
t
h
i
s
 
g
e
t
N
a
m
e
 
 
 
 
 
 
 
n
o
t
p
o
s
s
i
b
l
e
 
 
 
e
 
 
 
n
 
 
 
 
 
 
 
 
 
b
r
e
a
k
 
 
 
t
o
f
i
n
a
l
l
y
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
f
i
n
a
l
l
y
 
 
 
 
t
r
y
 
c
l
i
e
n
t
 
c
l
o
s
e
 
 
 
c
l
i
e
n
t
 
n
u
l
l
 
 
 
 
 
c
a
t
c
h
 
I
O
E
x
c
e
p
t
i
o
n
e
 
 
 
 
 
 
S
y
s
t
e
m
 
o
u
t
 
p
r
i
n
t
l
n
 
 
E
x
c
e
p
t
i
o
n
c
l
o
s
i
n
g
c
l
i
e
n
t
 
 
 
e
 
 
 
 
n
 
 
 
 
 
 
 
 
 
 
f
i
n
a
l
l
y
 
s
t
o
p
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
e
n
d
o
f
I
n
p
u
t
R
e
l
a
y
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
H
a
n
d
l
e
a
l
l
o
u
t
g
o
i
n
g
c
o
m
m
u
n
i
c
a
t
i
o
n
t
o
a
d
e
d
i
c
a
t
e
d
c
l
i
e
n
t
 
 
 
 
R
e
l
a
y
a
d
a
t
a
f
r
o
m
G
l
o
b
a
l
R
e
l
a
y
t
h
r
e
a
d
t
o
t
h
e
d
e
d
i
c
a
t
e
d
c
l
i
e
n
t
 
 
 
 
 
 
 
 
 
c
l
a
s
s
O
u
t
p
u
t
R
e
l
a
y
e
x
t
e
n
d
s
T
h
r
e
a
d
 
 
 
 
S
o
c
k
e
t
c
l
i
e
n
t
 
 
 
 
G
l
o
b
a
l
R
e
l
a
y
g
l
o
b
a
l
r
e
l
a
y
  
 
 
A
P
P
E
N
D
I
X
B
 
D
S
G
A
M
M
A
S
Y
S
T
E
M
 
 
 
D
a
t
a
O
u
t
p
u
t
S
t
r
e
a
m
o
u
t
 
 
 
 
i
n
t
s
t
o
p
 
t
r
a
n
s
m
i
t
 
 
 
 
 
 
 
b
o
o
l
e
a
n
e
n
d
 
s
e
n
d
i
n
g
 
f
a
l
s
e
 
 
 
 
 
 
 
 
 
 
I
n
i
t
i
a
l
i
z
e
D
a
t
a
O
u
t
p
u
t
S
t
r
e
a
m
a
n
d
s
t
a
r
t
s
i
t
s
e
l
f
 
 
 
 
 
 
 
 
p
u
b
l
i
c
O
u
t
p
u
t
R
e
l
a
y
 
S
o
c
k
e
t
c
l
i
e
n
t
 
s
o
c
k
e
t
 
G
l
o
b
a
l
R
e
l
a
y
g
l
o
b
a
l
r
e
l
a
y
 
 
 
 
i
n
t
s
t
o
p
 
t
r
a
n
s
m
i
t
 
 
 
 
 
 
 
 
t
h
i
s
 
c
l
i
e
n
t
 
c
l
i
e
n
t
 
s
o
c
k
e
t
 
 
 
 
t
h
i
s
 
g
l
o
b
a
l
r
e
l
a
y
 
g
l
o
b
a
l
r
e
l
a
y
 
 
 
 
t
h
i
s
 
s
t
o
p
 
t
r
a
n
s
m
i
t
 
s
t
o
p
 
t
r
a
n
s
m
i
t
 
 
 
 
 
 
 
t
r
y
 
o
u
t
 
n
e
w
D
a
t
a
O
u
t
p
u
t
S
t
r
e
a
m
 
c
l
i
e
n
t
 
s
o
c
k
e
t
 
g
e
t
O
u
t
p
u
t
S
t
r
e
a
m
 
 
 
 
 
 
 
 
c
a
t
c
h
 
I
O
E
x
c
e
p
t
i
o
n
e
 
 
 
 
 
t
r
y
 
c
l
i
e
n
t
 
c
l
o
s
e
 
 
 
 
 
 
 
c
a
t
c
h
 
I
O
E
x
c
e
p
t
i
o
n
e
 
 
 
 
 
 
S
y
s
t
e
m
 
o
u
t
 
p
r
i
n
t
l
n
 
 
E
x
c
e
p
t
i
o
n
w
h
i
l
e
g
e
t
t
i
n
g
s
o
c
k
e
t
s
t
r
e
a
m
s
 
 
 
e
 
 
 
 
 
 
 
 
 
 
S
y
s
t
e
m
 
o
u
t
 
p
r
i
n
t
l
n
 
 
E
x
c
e
p
t
i
o
n
w
h
i
l
e
g
e
t
t
i
n
g
s
o
c
k
e
t
s
t
r
e
a
m
s
 
 
 
e
 
 
 
 
 
r
e
t
u
r
n
 
 
 
t
o
R
a
n
d
o
m
R
e
l
a
y
S
e
r
v
e
r
 
 
 
 
 
 
 
t
h
i
s
 
s
t
a
r
t
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
B
o
d
y
o
f
O
u
t
p
u
t
R
e
l
a
y
 
 
b
r
 
 
 
 
G
e
t
d
a
t
a
f
r
o
m
G
l
o
b
a
l
R
e
l
a
y
 
b
r
 
 
 
 
R
e
l
a
y
d
a
t
a
t
o
D
a
t
a
O
u
t
p
u
t
S
t
r
e
a
m
o
f
c
l
i
e
n
t
 
 
 
 
 
 
 
 
 
p
u
b
l
i
c
v
o
i
d
r
u
n
 
 
 
 
 
 
i
n
t
e
l
e
m
 
 
 
 
 
 
 
t
r
y
 
 
 
 
f
o
r
 
 
 
 
 
 
 
 
i
f
 
e
n
d
 
s
e
n
d
i
n
g
 
 
 
 
 
S
y
s
t
e
m
 
o
u
t
 
p
r
i
n
t
l
n
 
 
O
u
t
p
u
t
R
e
l
a
y
 
 
t
h
i
s
 
g
e
t
N
a
m
e
 
 
 
 
 
 
 
E
x
i
t
D
S
G
a
m
m
a
 
s
t
o
p
s
e
n
d
i
n
g
r
e
c
e
i
v
e
d
 
n
 
 
 
 
 
 
 
 
n
o
t
i
f
i
e
s
t
h
e
c
l
i
e
n
t
t
h
a
t
t
h
e
s
t
o
p
 
t
r
a
n
s
m
i
t
s
i
g
n
a
l
h
a
s
b
e
e
n
r
e
c
e
i
v
e
d
 
 
 
t
r
y
 
 
 
 
o
u
t
 
w
r
i
t
e
I
n
t
 
s
t
o
p
 
t
r
a
n
s
m
i
t
 
 
 
 
 
o
u
t
 
f
l
u
s
h
 
 
 
 
 
 
 
 
 
 
c
a
t
c
h
 
I
O
E
x
c
e
p
t
i
o
n
e
 
 
 
 
 
S
y
s
t
e
m
 
o
u
t
 
p
r
i
n
t
l
n
 
 
O
u
t
p
u
t
R
e
l
a
y
 
 
t
h
i
s
 
g
e
t
N
a
m
e
 
 
 
 
n
o
t
p
o
s
s
i
b
l
e
 
n
 
 
e
 
 
 
 
 
 
 
 
 
f
i
n
a
l
l
y
 
b
r
e
a
k
 
 
 
 
t
o
s
t
o
p
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
W
a
i
t
f
o
r
d
a
t
a
f
r
o
m
G
l
o
b
a
l
R
e
l
a
y
 
 
 
S
y
s
t
e
m
 
o
u
t
 
p
r
i
n
t
l
n
 
 
O
u
t
p
u
t
R
e
l
a
y
b
e
f
o
r
e
g
e
t
 
 
t
h
i
s
 
g
e
t
N
a
m
e
 
 
 
 
 
 
 
e
l
e
m
 
g
l
o
b
a
l
r
e
l
a
y
 
g
e
t
 
 
 
 
 
 
S
y
s
t
e
m
 
o
u
t
 
p
r
i
n
t
l
n
 
 
O
u
t
p
u
t
R
e
l
a
y
a
f
t
e
r
g
e
t
 
 
t
h
i
s
 
g
e
t
N
a
m
e
 
 
 
 
 
 
e
l
e
m
 
 
 
 
 
 
 
 
 
 
R
e
l
a
y
d
a
t
a
t
o
D
a
t
a
O
u
t
p
u
t
S
t
r
e
a
m
o
f
c
l
i
e
n
t
 
 
 
 
t
r
y
 
 
 
 
o
u
t
 
w
r
i
t
e
I
n
t
 
e
l
e
m
 
 
 
 
 
o
u
t
 
f
l
u
s
h
 
 
 
 
 
 
S
y
s
t
e
m
 
o
u
t
 
p
r
i
n
t
l
n
 
 
O
u
t
p
u
t
R
e
l
a
y
 
 
t
h
i
s
 
g
e
t
N
a
m
e
 
 
 
 
 
 
e
l
e
m
 
 
 
 
 
 
 
 
 
c
a
t
c
h
 
I
O
E
x
c
e
p
t
i
o
n
e
 
 
 
 
 
S
y
s
t
e
m
 
o
u
t
 
p
r
i
n
t
l
n
 
 
O
u
t
p
u
t
R
e
l
a
y
 
 
t
h
i
s
 
g
e
t
N
a
m
e
 
 
 
 
n
o
t
p
o
s
s
i
b
l
e
 
n
 
 
e
 
 
 
 
 
 
 
 
 
 
S
a
v
e
v
a
l
u
e
 
 
 
g
l
o
b
a
l
r
e
l
a
y
 
p
u
t
 
e
l
e
m
 
 
 
 
 
b
r
e
a
k
 
 
 
t
o
f
i
n
a
l
l
y
 
 
 
 B
 
 
 
I
M
P
L
E
M
E
N
T
A
T
I
O
N
 
T
H
E
J
A
V
A
P
R
O
G
R
A
M
 
 
 
 
 
 
 
 
 
 
 
 
 
 
f
i
n
a
l
l
y
 
 
 
 
S
y
s
t
e
m
 
o
u
t
 
p
r
i
n
t
l
n
 
 
O
u
t
p
u
t
r
e
l
a
y
 
 
t
h
i
s
 
g
e
t
N
a
m
e
 
 
 
 
 
 
 
E
x
i
t
D
S
G
a
m
m
a
 
s
t
o
p
s
e
n
d
i
n
g
d
o
n
e
 
n
 
 
 
 
 
 
s
t
o
p
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
S
e
t
e
n
d
 
s
e
n
d
i
n
g
t
o
v
a
l
u
e
 
b
r
 
 
 
 
I
t
i
s
u
s
e
d
a
s
a
n
a
s
y
n
c
h
r
o
n
o
u
s
f
l
a
g
t
o
n
o
t
i
f
y
O
u
t
p
u
t
R
e
l
a
y
t
o
s
t
o
p
s
e
n
d
i
n
g
 
 
 
d
a
t
a
t
o
a
c
l
i
e
n
t
 
 
 
 
 
 
 
 
 
p
u
b
l
i
c
v
o
i
d
s
e
t
n
o
t
i
f
y
 
e
n
d
 
s
e
n
d
i
n
g
 
b
o
o
l
e
a
n
v
a
l
u
e
 
 
 
 
 
e
n
d
 
s
e
n
d
i
n
g
 
v
a
l
u
e
 
 
 
 
 
 
 
 
 
 
 
e
n
d
o
f
O
u
t
p
u
t
R
e
l
a
y
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
A
c
t
a
s
a
F
I
F
O
b
u
f
f
e
r
 
 
 
 
 
 
 
 
 
c
l
a
s
s
G
l
o
b
a
l
R
e
l
a
y
e
x
t
e
n
d
s
T
h
r
e
a
d
 
 
 
 
V
e
c
t
o
r
b
u
f
f
e
r
 
 
 
 
 
 
 
 
 
 
I
n
i
t
i
a
l
i
z
e
s
t
h
e
F
I
F
O
b
u
f
f
e
r
t
o
e
m
p
t
y
a
n
d
S
t
a
r
t
s
i
t
s
e
l
f
 
 
 
 
 
p
u
b
l
i
c
G
l
o
b
a
l
R
e
l
a
y
 
 
 
 
 
 
b
u
f
f
e
r
 
n
e
w
V
e
c
t
o
r
 
 
 
 
 
 
t
h
i
s
 
s
t
a
r
t
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
I
n
c
o
m
i
n
g
d
a
t
a
i
s
s
t
o
r
e
d
a
t
t
h
e
e
n
d
o
f
t
h
e
F
I
F
O
b
u
f
f
e
r
 
 
 
 
 
 
 
 
s
y
n
c
h
r
o
n
i
z
e
d
p
u
b
l
i
c
v
o
i
d
p
u
t
 
i
n
t
i
n
p
u
t
 
e
l
e
m
 
 
 
 
 
 
 
 
 
 
p
r
e
v
e
n
t
t
w
o
c
o
n
s
e
c
u
t
i
v
e
p
u
t
 
w
i
t
h
o
u
t
i
n
t
e
r
m
e
d
i
a
r
y
g
e
t
 
 
 
S
y
s
t
e
m
 
o
u
t
 
p
r
i
n
t
l
n
 
 
G
l
o
b
a
l
R
e
l
a
y
r
c
v
d
 
 
i
n
p
u
t
 
e
l
e
m
 
 
 
 
 
b
u
f
f
e
r
 
a
d
d
E
l
e
m
e
n
t
 
n
e
w
I
n
t
e
g
e
r
 
i
n
p
u
t
 
e
l
e
m
 
 
 
 
 
 
n
o
t
i
f
y
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
F
i
r
s
t
d
a
t
a
s
t
o
r
e
d
i
n
b
u
f
f
e
r
i
s
r
e
t
u
r
n
e
d
a
n
d
r
e
m
o
v
e
d
f
r
o
m
t
h
e
F
I
F
O
b
u
f
f
e
r
 
 
 
 
T
h
i
s
m
e
t
h
o
d
b
l
o
c
k
s
u
n
t
i
l
a
d
a
t
a
t
o
r
e
l
a
y
i
s
a
v
a
i
l
a
b
l
e
 
 
 
 
 
 
 
 
 
s
y
n
c
h
r
o
n
i
z
e
d
p
u
b
l
i
c
i
n
t
g
e
t
 
 
 
 
 
 
i
n
t
e
l
e
m
 
t
o
 
r
e
l
a
y
 
 
 
 
 
 
 
w
h
i
l
e
 
b
u
f
f
e
r
 
i
s
E
m
p
t
y
 
 
 
 
 
 
 
t
r
y
 
w
a
i
t
 
 
 
 
 
 
 
c
a
t
c
h
 
I
n
t
e
r
r
u
p
t
e
d
E
x
c
e
p
t
i
o
n
e
 
 
 
 
 
S
y
s
t
e
m
 
o
u
t
 
p
r
i
n
t
l
n
 
 
E
r
r
o
r
w
h
i
l
e
g
e
t
G
l
o
b
a
l
R
e
l
a
y
i
s
w
a
i
t
i
n
g
 
 
e
 
 
 
 
 
 
 
 
 
 
 
 
 
e
l
e
m
 
t
o
 
r
e
l
a
y
 
 
 
I
n
t
e
g
e
r
 
b
u
f
f
e
r
 
e
l
e
m
e
n
t
A
t
 
 
 
 
 
i
n
t
V
a
l
u
e
 
 
 
 
 
 
S
y
s
t
e
m
 
o
u
t
 
p
r
i
n
t
l
n
 
 
G
l
o
b
a
l
R
e
l
a
y
h
a
s
r
e
l
a
y
e
d
 
 
e
l
e
m
 
t
o
 
r
e
l
a
y
 
 
 
 
 
b
u
f
f
e
r
 
r
e
m
o
v
e
E
l
e
m
e
n
t
A
t
 
 
 
 
 
 
 
r
e
t
u
r
n
e
l
e
m
 
t
o
 
r
e
l
a
y
 
 
 
 
 
 
 
 
 
 
 
e
n
d
o
f
G
l
o
b
a
l
R
e
l
a
y
C
l
i
e
n
t
S
i
d
e
 
p
a
c
k
a
g
e
G
a
m
m
a
  
 
 
A
P
P
E
N
D
I
X
B
 
D
S
G
A
M
M
A
S
Y
S
T
E
M
 
 
i
m
p
o
r
t
j
a
v
a
 
a
p
p
l
e
t
 
 
 
 
i
m
p
o
r
t
j
a
v
a
 
a
w
t
 
 
 
 
i
m
p
o
r
t
j
a
v
a
 
i
o
 
 
 
 
i
m
p
o
r
t
j
a
v
a
 
n
e
t
 
 
 
 
i
m
p
o
r
t
j
a
v
a
 
u
t
i
l
 
 
 
 
i
m
p
o
r
t
M
y
U
t
i
l
s
 
 
 
 
 
 
 
 
 
 
D
i
s
t
r
i
b
u
t
e
d
G
a
m
m
a
 
l
i
k
e
a
d
d
i
t
i
o
n
o
f
i
n
t
e
g
e
r
s
 
 
 
 
 
 
 
 
 
 
 
D
i
s
t
r
i
b
u
t
e
d
G
a
m
m
a
 
l
i
k
e
a
d
d
i
t
i
o
n
o
f
i
n
t
e
g
e
r
s
 
 
D
S
G
a
m
m
a
C
l
i
e
n
t
A
p
p
A
p
p
l
e
t
s
a
l
l
o
w
s
a
u
s
e
r
t
o
e
n
t
e
r
s
e
v
e
r
a
l
i
n
t
e
g
e
r
s
 
 
 
T
h
i
s
l
o
c
a
l
m
u
l
t
i
s
e
t
 
V
e
c
t
o
r
M
S
I
n
t
 
o
f
i
n
t
e
g
e
r
s
w
i
l
l
b
e
p
a
r
t
o
f
a
g
l
o
b
a
l
d
i
s
t
r
i
b
u
t
e
d
 
 
m
u
l
t
i
s
e
t
o
f
i
n
t
e
g
e
r
s
 
t
h
a
t
o
b
t
a
i
n
e
d
b
y
t
h
e
u
n
i
o
n
o
f
a
l
l
t
h
e
o
t
h
e
r
l
o
c
a
l
m
u
l
t
i
s
e
t
s
o
f
 
 
i
n
t
e
g
e
r
s
p
r
o
v
i
d
e
d
b
y
a
l
l
t
h
e
o
t
h
e
r
u
s
e
r
s
u
s
i
n
g
t
h
e
s
a
m
e
a
p
p
l
e
t
 
 
 
D
S
G
a
m
m
a
C
l
i
e
n
t
A
p
p
i
s
r
e
s
p
o
n
s
i
b
l
e
f
o
r
 
 
b
r
 
 
 
a
 
e
s
t
a
b
l
i
s
h
i
n
g
c
o
n
n
e
c
t
i
o
n
w
i
t
h
a
s
e
r
v
e
r
 
 
b
r
 
 
 
b
 
e
n
t
e
r
i
n
g
t
h
e
D
S
G
a
m
m
a
s
y
s
t
e
m
 
t
h
e
s
e
t
o
f
a
l
l
t
h
e
s
e
a
p
p
l
e
t
s
r
u
n
n
i
n
g
 
 
 
b
r
 
 
 
c
 
m
a
n
a
g
i
n
g
i
n
t
e
g
e
r
s
e
n
t
e
r
e
d
b
y
u
s
e
r
a
n
d
t
h
o
s
e
r
e
c
e
i
v
e
d
b
y
t
h
e
s
e
r
v
e
r
 
 
b
r
 
 
 
d
 
p
r
o
p
e
r
l
y
q
u
i
t
t
i
n
g
t
h
e
D
S
G
a
m
m
a
s
y
s
t
e
m
 
e
m
p
t
y
t
h
e
l
o
c
a
l
 
 
M
S
I
n
t
o
f
i
n
t
e
g
e
r
s
 
s
t
o
p
t
h
e
t
h
r
e
a
d
s
a
n
d
c
l
o
s
i
n
g
s
o
c
k
e
t
 
 
 
 
 
 
 
p
u
b
l
i
c
c
l
a
s
s
D
S
G
a
m
m
a
C
l
i
e
n
t
A
p
p
e
x
t
e
n
d
s
A
p
p
l
e
t
 
 
 
p
u
b
l
i
c
f
i
n
a
l
s
t
a
t
i
c
i
n
t
P
O
R
T
 
 
 
 
 
 
 
 
p
u
b
l
i
c
f
i
n
a
l
s
t
a
t
i
c
i
n
t
S
T
O
P
 
T
R
A
N
S
M
I
T
 
 
 
 
 
 
p
u
b
l
i
c
f
i
n
a
l
s
t
a
t
i
c
i
n
t
S
T
O
P
 
C
O
N
N
E
C
T
I
O
N
 
 
 
 
 
 
 
 
S
o
c
k
e
t
s
 
 
 
D
a
t
a
I
n
p
u
t
S
t
r
e
a
m
i
n
 
 
 
D
a
t
a
O
u
t
p
u
t
S
t
r
e
a
m
o
u
t
 
 
 
T
e
x
t
F
i
e
l
d
t
e
x
t
f
i
e
l
d
 
 
 
T
e
x
t
A
r
e
a
t
e
x
t
a
r
e
a
 
 
 
B
u
t
t
o
n
s
t
o
p
 
b
u
t
t
o
n
 
 
 
B
u
t
t
o
n
r
e
s
u
l
t
 
b
u
t
t
o
n
 
 
 
 
 
T
a
k
e
o
f
f
G
l
o
b
a
l
t
a
k
e
o
f
f
g
l
o
b
a
l
 
 
 
T
a
k
e
o
f
f
L
o
c
a
l
t
a
k
e
o
f
f
l
o
c
a
l
 
 
 
 
 
V
e
c
t
o
r
M
S
I
n
t
 
 
 
 
 
 
 
 
C
r
e
a
t
e
a
s
o
c
k
e
t
t
o
c
o
m
m
u
n
i
c
a
t
e
w
i
t
h
a
s
e
r
v
e
r
o
n
p
o
r
t
 
 
 
 
 
 
o
f
t
h
e
h
o
s
t
t
h
a
t
t
h
e
a
p
p
l
e
t
 
s
c
o
d
e
i
s
o
n
 
C
r
e
a
t
e
s
t
r
e
a
m
s
t
o
u
s
e
 
 
w
i
t
h
t
h
e
s
o
c
k
e
t
 
T
h
e
n
c
r
e
a
t
e
a
T
e
x
t
F
i
e
l
d
f
o
r
u
s
e
r
i
n
p
u
t
 
a
T
e
x
t
A
r
e
a
 
 
f
o
r
o
u
t
p
u
t
 
a
n
d
a
B
u
t
t
o
n
f
o
r
e
x
i
t
t
i
n
g
t
h
e
D
S
G
a
m
m
a
s
y
s
t
e
m
 
 
 
M
S
I
n
t
s
t
o
r
e
s
t
h
e
i
n
t
e
g
e
r
s
e
n
t
e
r
e
d
b
y
t
h
e
l
o
c
a
l
u
s
e
r
s
 
a
n
d
t
h
o
s
e
r
e
c
e
i
v
e
d
b
y
t
h
e
 
 
s
e
r
v
e
r
 
F
i
n
a
l
l
y
 
c
r
e
a
t
e
t
w
o
t
h
r
e
a
d
s
f
o
r
i
n
t
e
r
a
c
t
i
o
n
w
i
t
h
 
 
t
h
e
s
e
r
v
e
r
 
 
 
 
 
 
 
p
u
b
l
i
c
v
o
i
d
i
n
i
t
 
 
 
 
 
 
 
t
r
y
 
 
 
s
 
n
e
w
S
o
c
k
e
t
 
t
h
i
s
 
g
e
t
C
o
d
e
B
a
s
e
 
 
 
g
e
t
H
o
s
t
 
 
 
P
O
R
T
 
 
 
 
i
n
 
n
e
w
D
a
t
a
I
n
p
u
t
S
t
r
e
a
m
 
s
 
g
e
t
I
n
p
u
t
S
t
r
e
a
m
 
 
 
 
 
 
o
u
t
 
n
e
w
D
a
t
a
O
u
t
p
u
t
S
t
r
e
a
m
 
s
 
g
e
t
O
u
t
p
u
t
S
t
r
e
a
m
 
 
 
 
 
 
 
 
t
e
x
t
f
i
e
l
d
 
n
e
w
T
e
x
t
F
i
e
l
d
 
 
 
 
 
t
e
x
t
a
r
e
a
 
n
e
w
T
e
x
t
A
r
e
a
 
 
 
 
 
s
t
o
p
 
b
u
t
t
o
n
 
n
e
w
B
u
t
t
o
n
 
 
E
x
i
t
D
S
G
a
m
m
a
S
y
s
t
e
m
 
 
 
 
 
r
e
s
u
l
t
 
b
u
t
t
o
n
 
n
e
w
B
u
t
t
o
n
 
 
R
e
s
u
l
t
 
 
 
 
 
t
e
x
t
a
r
e
a
 
s
e
t
E
d
i
t
a
b
l
e
 
f
a
l
s
e
 
 
 
 
M
S
I
n
t
 
n
e
w
V
e
c
t
o
r
 
 
 
 
 
 
 
 
 
s
e
t
L
a
y
o
u
t
 
n
e
w
B
o
r
d
e
r
L
a
y
o
u
t
 
 
 
 
 
 
a
d
d
 
 
N
o
r
t
h
 
 
t
e
x
t
f
i
e
l
d
 
 
 
 
a
d
d
 
 
C
e
n
t
e
r
 
 
t
e
x
t
a
r
e
a
 
 B
 
 
 
I
M
P
L
E
M
E
N
T
A
T
I
O
N
 
T
H
E
J
A
V
A
P
R
O
G
R
A
M
 
 
 
 
 
a
d
d
 
 
S
o
u
t
h
 
 
s
t
o
p
 
b
u
t
t
o
n
 
 
 
 
a
d
d
 
 
E
a
s
t
 
 
r
e
s
u
l
t
 
b
u
t
t
o
n
 
 
 
 
 
 
 
 
I
n
i
t
i
a
l
i
z
e
s
t
a
k
e
o
f
f
l
o
c
a
l
a
n
d
t
a
k
e
o
f
f
g
l
o
b
a
l
t
h
r
e
a
d
s
 
 
t
a
k
e
o
f
f
l
o
c
a
l
 
n
e
w
T
a
k
e
o
f
f
L
o
c
a
l
 
o
u
t
 
M
S
I
n
t
 
t
e
x
t
a
r
e
a
 
S
T
O
P
 
C
O
N
N
E
C
T
I
O
N
 
 
 
 
t
a
k
e
o
f
f
g
l
o
b
a
l
 
n
e
w
T
a
k
e
o
f
f
G
l
o
b
a
l
 
i
n
 
M
S
I
n
t
 
t
e
x
t
a
r
e
a
 
t
a
k
e
o
f
f
l
o
c
a
l
 
 
 
S
T
O
P
 
T
R
A
N
S
M
I
T
 
 
 
 
 
 
s
h
o
w
S
t
a
t
u
s
 
 
C
o
n
n
e
c
t
e
d
t
o
 
 
 
 
s
 
g
e
t
I
n
e
t
A
d
d
r
e
s
s
 
 
 
g
e
t
H
o
s
t
N
a
m
e
 
 
 
 
 
 
 
 
 
s
 
g
e
t
P
o
r
t
 
 
 
 
 
n
 
 
 
 
 
 
 
 
c
a
t
c
h
 
I
O
E
x
c
e
p
t
i
o
n
e
 
 
 
 
s
h
o
w
S
t
a
t
u
s
 
 
E
x
c
e
p
t
i
o
n
w
h
i
l
e
c
r
e
a
t
i
n
g
s
o
c
k
e
t
 
 
 
e
 
 
 
 
t
r
y
 
i
f
 
s
 
 
n
u
l
l
 
 
s
 
c
l
o
s
e
 
 
 
 
 
 
 
c
a
t
c
h
 
I
O
E
x
c
e
p
t
i
o
n
e
 
 
 
 
 
s
h
o
w
S
t
a
t
u
s
 
 
E
x
c
e
p
t
i
o
n
w
h
i
l
e
c
l
o
s
i
n
g
s
o
c
k
e
t
 
 
 
e
 
 
 
 
 
 
 
 
s
t
o
p
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
C
l
o
s
e
t
h
e
s
o
c
k
e
t
a
n
d
t
h
e
i
n
p
u
t
 
o
u
t
p
u
t
s
t
r
e
a
m
s
 
 
 
 
 
 
p
u
b
l
i
c
v
o
i
d
s
t
o
p
 
 
 
 
 
 
 
t
r
y
 
 
 
i
f
 
i
n
 
 
n
u
l
l
 
 
i
n
 
c
l
o
s
e
 
 
 
i
n
 
n
u
l
l
 
 
 
 
i
f
 
o
u
t
 
 
n
u
l
l
 
 
o
u
t
 
c
l
o
s
e
 
 
 
o
u
t
 
n
u
l
l
 
 
 
 
i
f
 
s
 
 
n
u
l
l
 
 
s
 
c
l
o
s
e
 
 
 
s
 
n
u
l
l
 
 
 
 
 
 
 
 
 
c
a
t
c
h
 
I
O
E
x
c
e
p
t
i
o
n
e
 
 
 
 
 
 
s
h
o
w
S
t
a
t
u
s
 
 
E
x
c
e
p
t
i
o
n
w
h
i
l
e
c
l
o
s
i
n
g
s
o
c
k
e
t
 
 
 
e
 
 
 
 
 
 
 
 
 
 
 
 
 
s
h
o
w
S
t
a
t
u
s
 
 
B
y
e
B
y
e
 
n
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
C
a
p
t
u
r
e
e
v
e
n
t
s
o
n
t
h
e
T
e
x
t
F
i
e
l
d
o
r
B
u
t
t
o
n
C
o
m
p
o
n
e
n
t
s
o
f
t
h
e
i
n
t
e
r
f
a
c
e
 
 
 
 
 
 
 
 
p
u
b
l
i
c
b
o
o
l
e
a
n
a
c
t
i
o
n
 
E
v
e
n
t
e
v
e
n
t
 
O
b
j
e
c
t
w
h
a
t
 
 
 
 
 
 
 
 
 
 
U
s
e
r
t
y
p
e
s
a
l
i
n
e
i
n
t
e
x
t
f
i
e
l
d
 
c
o
n
v
e
r
t
i
t
t
o
a
V
e
c
t
o
r
o
f
I
n
t
e
g
e
r
 
 
 
i
f
 
e
v
e
n
t
 
t
a
r
g
e
t
 
 
t
e
x
t
f
i
e
l
d
 
 
 
 
 
 
 
C
o
n
v
e
r
t
S
t
r
i
n
g
i
n
t
o
V
e
c
t
o
r
o
f
I
n
t
e
g
e
r
s
 
M
S
I
n
t
 
 
 
 
C
o
n
v
e
r
t
 
S
t
r
i
n
g
t
o
I
n
t
e
g
e
r
 
t
e
x
t
f
i
e
l
d
 
g
e
t
T
e
x
t
 
 
 
M
S
I
n
t
 
 
 
 
 
t
e
x
t
f
i
e
l
d
 
s
e
t
T
e
x
t
 
 
 
 
 
 
 
 
s
h
o
w
S
t
a
t
u
s
 
 
U
s
e
r
e
n
t
e
r
e
d
s
o
m
e
i
n
t
e
g
e
r
s
 
n
 
 
 
 
 
 
 
 
 
 
 
N
o
t
i
f
i
e
s
t
a
k
e
o
f
f
l
o
c
a
l
 
b
e
c
a
u
s
e
M
S
I
n
t
i
s
n
o
m
o
r
e
e
m
p
t
y
 
 
 
s
y
n
c
h
r
o
n
i
z
e
d
 
t
a
k
e
o
f
f
l
o
c
a
l
 
 
t
a
k
e
o
f
f
l
o
c
a
l
 
n
o
t
i
f
y
 
 
 
 
 
 
 
 
 
 
r
e
t
u
r
n
t
r
u
e
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
U
s
e
r
w
a
n
t
s
t
o
e
x
i
t
t
h
e
D
S
G
a
m
m
a
s
y
s
t
e
m
 
 
 
i
f
 
e
v
e
n
t
 
t
a
r
g
e
t
 
 
s
t
o
p
 
b
u
t
t
o
n
 
 
 
 
 
 
 
N
o
t
i
f
i
e
s
t
h
e
s
e
r
v
e
r
t
h
a
t
t
h
e
u
s
e
r
w
a
n
t
s
t
o
s
t
o
p
 
 
 
t
r
y
 
 
 
 
o
u
t
 
w
r
i
t
e
I
n
t
 
S
T
O
P
 
T
R
A
N
S
M
I
T
 
 
 
 
 
t
e
x
t
a
r
e
a
 
a
p
p
e
n
d
T
e
x
t
 
 
E
x
i
t
D
S
G
a
m
m
a
r
e
q
u
e
s
t
e
d
 
n
 
 
 
 
 
 
 
 
 
 
c
a
t
c
h
 
I
O
E
x
c
e
p
t
i
o
n
e
 
 
 
 
 
S
y
s
t
e
m
 
o
u
t
 
p
r
i
n
t
l
n
 
 
C
l
i
e
n
t
c
a
n
 
t
w
r
i
t
e
o
n
s
o
c
k
e
t
 
 
 
e
 
 
 
 
 
 
 
 
 
r
e
t
u
r
n
t
r
u
e
 
 
 
 
  
 
 
A
P
P
E
N
D
I
X
B
 
D
S
G
A
M
M
A
S
Y
S
T
E
M
 
 
 
 
 
 
 
 
U
s
e
r
w
a
n
t
s
t
o
s
e
e
a
r
e
s
u
l
t
 
 
 
i
f
 
e
v
e
n
t
 
t
a
r
g
e
t
 
 
r
e
s
u
l
t
 
b
u
t
t
o
n
 
 
 
 
 
t
e
x
t
a
r
e
a
 
a
p
p
e
n
d
T
e
x
t
 
 
R
e
s
u
l
t
 
 
 
M
S
I
n
t
 
e
l
e
m
e
n
t
A
t
 
 
 
 
t
o
S
t
r
i
n
g
 
 
 
 
 
 
 
r
e
t
u
r
n
t
r
u
e
 
 
 
 
 
 
 
 
r
e
t
u
r
n
f
a
l
s
e
 
 
 
 
 
 
 
 
 
 
 
e
n
d
o
f
D
S
G
a
m
m
a
C
l
i
e
n
t
A
p
p
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
R
a
n
d
o
m
l
y
r
e
m
o
v
e
s
o
n
e
i
n
t
e
g
e
r
f
r
o
m
l
o
c
a
l
m
u
l
t
i
s
e
t
 
V
e
c
t
o
r
M
S
I
n
t
 
o
f
i
n
t
e
g
e
r
s
 
 
 
 
 
 
 
 
 
c
l
a
s
s
T
a
k
e
o
f
f
L
o
c
a
l
e
x
t
e
n
d
s
T
h
r
e
a
d
 
 
 
 
D
a
t
a
O
u
t
p
u
t
S
t
r
e
a
m
o
u
t
 
 
 
 
V
e
c
t
o
r
M
S
I
n
t
 
 
 
 
T
e
x
t
A
r
e
a
t
e
x
t
a
r
e
a
 
 
 
 
i
n
t
s
t
o
p
 
c
o
n
n
e
c
t
i
o
n
 
 
 
 
 
 
 
b
o
o
l
e
a
n
e
n
d
 
r
e
c
e
p
t
i
o
n
 
f
a
l
s
e
 
 
 
 
 
 
 
p
u
b
l
i
c
T
a
k
e
o
f
f
L
o
c
a
l
 
D
a
t
a
O
u
t
p
u
t
S
t
r
e
a
m
o
u
t
 
V
e
c
t
o
r
M
S
I
n
t
 
T
e
x
t
A
r
e
a
t
e
x
t
a
r
e
a
 
 
 
 
i
n
t
s
t
o
p
 
c
o
n
n
e
c
t
i
o
n
 
 
 
 
 
t
h
i
s
 
o
u
t
 
o
u
t
 
 
 
 
t
h
i
s
 
M
S
I
n
t
 
M
S
I
n
t
 
 
 
 
t
h
i
s
 
t
e
x
t
a
r
e
a
 
t
e
x
t
a
r
e
a
 
 
 
 
t
h
i
s
 
s
t
o
p
 
c
o
n
n
e
c
t
i
o
n
 
s
t
o
p
 
c
o
n
n
e
c
t
i
o
n
 
 
 
 
t
h
i
s
 
s
t
a
r
t
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
B
o
d
y
o
f
T
a
k
e
o
f
f
L
o
c
a
l
 
 
 
 
W
a
i
t
f
o
r
M
S
I
n
t
t
o
b
e
n
o
t
e
m
p
t
y
 
t
h
e
s
e
n
d
t
h
e
c
o
n
t
e
n
t
o
f
M
S
I
n
t
t
o
s
e
r
v
e
r
 
 
 
 
I
f
n
o
m
o
r
e
i
n
t
e
g
e
r
s
w
i
l
l
b
e
r
e
c
e
i
v
e
d
f
r
o
m
s
e
r
v
e
r
 
M
S
I
n
t
i
s
e
m
p
t
i
e
d
a
l
a
s
t
t
i
m
e
 
 
 
 
b
e
f
o
r
e
s
t
o
p
p
i
n
g
 
 
 
 
 
 
 
 
 
p
u
b
l
i
c
s
y
n
c
h
r
o
n
i
z
e
d
v
o
i
d
r
u
n
 
 
 
 
 
 
f
o
r
 
 
 
 
 
 
 
 
 
 
 
 
 
C
h
e
c
k
i
f
T
a
k
e
o
f
f
G
l
o
b
a
l
h
a
s
f
i
n
i
s
h
e
d
r
e
c
e
i
v
e
d
i
n
t
e
g
e
r
s
 
e
n
d
 
r
e
c
e
p
t
i
o
n
 
t
r
u
e
 
 
 
 
 
 
 
I
n
t
h
i
s
c
a
s
e
n
o
m
o
r
e
i
n
t
e
g
e
r
s
w
i
l
l
b
e
a
d
d
e
d
i
n
M
S
I
n
t
 
a
n
d
T
a
k
e
o
f
f
L
o
c
a
l
e
m
p
t
i
e
s
 
 
 
 
 
M
S
I
n
t
a
l
a
s
t
t
i
m
e
a
n
d
s
t
o
p
s
 
 
 
 
i
f
 
e
n
d
 
r
e
c
e
p
t
i
o
n
 
 
 
 
 
t
e
x
t
a
r
e
a
 
a
p
p
e
n
d
T
e
x
t
 
 
E
m
p
t
y
i
n
g
l
o
c
a
l
m
u
l
t
i
s
e
t
f
o
r
t
h
e
l
a
s
t
t
i
m
e
 
n
 
 
 
 
 
 
 
 
 
 
 
f
r
e
e
M
S
I
n
t
 
 
 
d
o
R
e
a
c
t
i
o
n
s
 
 
 
 
 
 
 
 
 
 
 
s
e
n
d
s
t
o
p
 
c
o
n
n
e
c
t
i
o
n
s
i
g
n
a
l
t
o
s
e
r
v
e
r
 
 
 
t
r
y
 
 
 
 
o
u
t
 
w
r
i
t
e
I
n
t
 
s
t
o
p
 
c
o
n
n
e
c
t
i
o
n
 
 
 
 
 
o
u
t
 
f
l
u
s
h
 
 
 
 
 
 
 
 
 
 
c
a
t
c
h
 
I
O
E
x
c
e
p
t
i
o
n
e
 
 
 
 
 
S
y
s
t
e
m
 
o
u
t
 
p
r
i
n
t
l
n
 
 
C
l
i
e
n
t
c
a
n
 
t
w
r
i
t
e
o
n
s
o
c
k
e
t
 
 
 
e
 
 
 
 
 
 
 
 
 
 
 
T
a
k
e
o
f
f
L
o
c
a
l
c
a
n
s
t
o
p
 
 
 
f
i
n
a
l
l
y
 
b
r
e
a
k
 
 
 
 
t
o
s
t
o
p
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
T
a
k
e
o
f
f
G
l
o
b
a
l
i
s
s
t
i
l
l
r
e
c
e
i
v
i
n
g
i
n
t
e
g
e
r
s
f
r
o
m
s
e
r
v
e
r
 
 
 
 
 
 
T
a
k
e
o
f
f
L
o
c
a
l
w
a
i
t
s
f
o
r
u
s
e
r
o
r
f
o
r
T
a
k
e
o
f
f
G
l
o
b
a
l
t
o
e
n
t
e
r
i
n
t
e
g
e
r
n
u
m
b
e
r
s
 
 
 
 
 
i
 
e
 
w
a
i
t
f
o
r
M
S
I
n
t
t
o
b
e
n
o
t
e
m
p
t
y
 
 
 
 
t
r
y
 
w
a
i
t
 
 
 
 
 
 
 
c
a
t
c
h
 
I
n
t
e
r
r
u
p
t
e
d
E
x
c
e
p
t
i
o
n
e
 
 
 
 
 
t
e
x
t
a
r
e
a
 
a
p
p
e
n
d
T
e
x
t
 
 
E
x
c
e
p
t
i
o
n
w
h
i
l
e
w
a
i
t
i
n
g
 
 
 
e
 
 
 
 
 
 B
 
 
 
I
M
P
L
E
M
E
N
T
A
T
I
O
N
 
T
H
E
J
A
V
A
P
R
O
G
R
A
M
 
 
 
 
 
 
f
i
n
a
l
l
y
 
 
 
 
 
 
F
r
e
e
M
S
I
n
t
 
 
 
d
o
R
e
a
c
t
i
o
n
s
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
t
e
x
t
a
r
e
a
 
a
p
p
e
n
d
T
e
x
t
 
 
E
x
i
t
D
S
G
a
m
m
a
s
y
s
t
e
m
d
o
n
e
 
n
 
 
 
 
 
 
s
t
o
p
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
R
a
n
d
o
m
l
y
c
h
o
o
s
e
s
o
n
e
i
n
t
e
g
e
r
i
n
V
e
c
t
o
r
M
S
I
n
t
 
a
n
d
s
e
n
d
s
i
t
t
o
t
h
e
S
e
r
v
e
r
 
 
 
 
t
i
l
l
M
S
I
n
t
i
s
n
o
t
e
m
p
t
y
 
 
 
 
 
 
 
 
 
p
u
b
l
i
c
v
o
i
d
d
o
R
e
a
c
t
i
o
n
s
 
 
 
 
 
 
i
n
t
i
 
 
 
 
 
 
 
w
h
i
l
e
 
 
M
S
I
n
t
 
i
s
E
m
p
t
y
 
 
 
 
 
 
 
 
 
 
 
 
S
h
o
w
t
h
e
u
s
e
r
t
h
e
n
e
w
s
t
a
t
e
o
f
V
e
c
t
o
r
 
 
 
t
e
x
t
a
r
e
a
 
a
p
p
e
n
d
T
e
x
t
 
 
 
n
 
 
 
 
 
 
f
o
r
 
i
 
 
 
i
 
M
S
I
n
t
 
s
i
z
e
 
 
 
i
 
 
 
 
 
 
 
t
e
x
t
a
r
e
a
 
a
p
p
e
n
d
T
e
x
t
 
M
S
I
n
t
 
e
l
e
m
e
n
t
A
t
 
i
 
 
t
o
S
t
r
i
n
g
 
 
 
 
 
 
 
 
 
 
 
 
 
 
t
e
x
t
a
r
e
a
 
a
p
p
e
n
d
T
e
x
t
 
 
 
n
 
 
 
 
 
 
 
 
 
 
 
C
h
o
o
s
e
a
n
i
n
d
e
x
 
 
 
i
 
 
i
n
t
 
 
M
a
t
h
 
r
a
n
d
o
m
 
 
 
M
S
I
n
t
 
s
i
z
e
 
 
 
 
M
S
I
n
t
 
s
i
z
e
 
 
 
 
 
 
 
 
 
 
 
S
e
n
d
t
h
e
c
h
o
s
e
n
i
n
t
e
g
e
r
t
o
t
h
e
s
e
r
v
e
r
 
 
 
t
r
y
 
 
 
 
o
u
t
 
w
r
i
t
e
I
n
t
 
 
 
I
n
t
e
g
e
r
 
M
S
I
n
t
 
e
l
e
m
e
n
t
A
t
 
i
 
 
 
i
n
t
V
a
l
u
e
 
 
 
 
 
 
 
 
 
R
e
m
o
v
e
t
h
e
i
n
t
e
g
e
r
f
r
o
m
V
e
c
t
o
r
M
S
I
n
t
 
 
 
M
S
I
n
t
 
r
e
m
o
v
e
E
l
e
m
e
n
t
A
t
 
i
 
 
 
 
 
 
 
 
 
c
a
t
c
h
 
I
O
E
x
c
e
p
t
i
o
n
e
 
 
 
 
 
S
y
s
t
e
m
 
o
u
t
 
p
r
i
n
t
l
n
 
 
C
l
i
e
n
t
c
a
n
 
t
w
r
i
t
e
o
n
s
o
c
k
e
t
 
 
 
e
 
 
 
 
 
s
t
o
p
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
E
n
s
u
r
e
t
h
e
s
e
n
d
i
n
g
o
f
i
n
t
e
g
e
r
s
t
o
s
e
r
v
e
r
 
 
 
t
r
y
 
 
 
 
o
u
t
 
f
l
u
s
h
 
 
 
 
 
 
t
e
x
t
a
r
e
a
 
a
p
p
e
n
d
T
e
x
t
 
 
 
n
E
m
p
t
y
 
n
 
 
 
 
 
 
 
 
 
 
c
a
t
c
h
 
I
O
E
x
c
e
p
t
i
o
n
e
 
 
 
 
 
S
y
s
t
e
m
 
o
u
t
 
p
r
i
n
t
l
n
 
 
C
l
i
e
n
t
c
a
n
 
t
w
r
i
t
e
o
n
s
o
c
k
e
t
 
 
 
e
 
 
 
 
 
s
t
o
p
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
T
a
k
e
o
f
f
G
l
o
b
a
l
s
e
t
e
n
d
 
r
e
c
e
p
t
i
o
n
t
o
t
r
u
e
w
h
e
n
i
t
h
a
s
f
i
n
i
s
h
e
d
r
e
c
e
i
v
i
n
g
 
 
 
 
 
i
n
t
e
g
e
r
s
f
r
o
m
s
e
r
v
e
r
 
 
 
 
 
 
 
S
e
t
v
a
r
i
a
b
l
e
e
n
d
 
r
e
c
e
p
t
i
o
n
t
o
v
a
l
u
e
 
 
b
r
 
 
 
 
I
t
i
s
u
s
e
d
a
s
a
n
a
s
y
n
c
r
o
n
o
u
s
f
l
a
g
t
o
n
o
t
i
f
y
T
a
k
e
o
f
f
L
o
c
a
l
t
h
a
t
n
o
t
h
i
n
g
 
 
 
m
o
r
e
w
i
l
l
b
e
r
e
c
e
i
v
e
d
f
r
o
m
s
e
r
v
e
r
 
 
 
 
 
 
 
 
 
p
u
b
l
i
c
v
o
i
d
s
e
t
 
e
n
d
 
r
e
c
e
p
t
i
o
n
 
b
o
o
l
e
a
n
v
a
l
u
e
 
 
 
 
 
e
n
d
 
r
e
c
e
p
t
i
o
n
 
v
a
l
u
e
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
e
n
d
o
f
T
a
k
e
o
f
f
L
o
c
a
l
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
W
a
i
t
f
o
r
o
u
t
p
u
t
 
 
i
n
t
e
g
e
r
s
 
f
r
o
m
t
h
e
s
e
r
v
e
r
o
n
t
h
e
s
p
e
c
i
f
i
e
d
s
t
r
e
a
m
 
a
d
d
s
 
 
 
t
h
e
m
a
n
d
p
u
t
s
t
h
e
r
e
s
u
l
t
i
n
i
t
s
l
o
c
a
l
V
e
c
t
o
r
o
f
i
n
t
e
g
e
r
s
 
 
 
 
 
  
 
 
A
P
P
E
N
D
I
X
B
 
D
S
G
A
M
M
A
S
Y
S
T
E
M
 
 
 
c
l
a
s
s
T
a
k
e
o
f
f
G
l
o
b
a
l
e
x
t
e
n
d
s
T
h
r
e
a
d
 
 
 
 
D
a
t
a
I
n
p
u
t
S
t
r
e
a
m
i
n
 
 
 
 
T
e
x
t
A
r
e
a
t
e
x
t
a
r
e
a
 
 
 
 
V
e
c
t
o
r
M
S
I
n
t
 
 
 
 
T
a
k
e
o
f
f
L
o
c
a
l
t
a
k
e
o
f
f
l
o
c
a
l
 
 
 
 
i
n
t
s
t
o
p
 
t
r
a
n
s
m
i
t
 
 
 
 
 
 
 
i
n
t
r
e
s
u
l
t
 
 
 
 
 
 
 
 
 
 
p
u
b
l
i
c
T
a
k
e
o
f
f
G
l
o
b
a
l
 
D
a
t
a
I
n
p
u
t
S
t
r
e
a
m
i
n
 
V
e
c
t
o
r
M
S
I
n
t
 
T
e
x
t
A
r
e
a
t
e
x
t
a
r
e
a
 
 
 
 
T
a
k
e
o
f
f
L
o
c
a
l
t
a
k
e
o
f
f
l
o
c
a
l
 
i
n
t
s
t
o
p
 
t
r
a
n
s
m
i
t
 
 
 
 
 
t
h
i
s
 
i
n
 
i
n
 
 
 
 
t
h
i
s
 
t
e
x
t
a
r
e
a
 
t
e
x
t
a
r
e
a
 
 
 
 
t
h
i
s
 
M
S
I
n
t
 
M
S
I
n
t
 
 
 
 
t
h
i
s
 
t
a
k
e
o
f
f
l
o
c
a
l
 
t
a
k
e
o
f
f
l
o
c
a
l
 
 
 
 
t
h
i
s
 
s
t
o
p
 
t
r
a
n
s
m
i
t
 
s
t
o
p
 
t
r
a
n
s
m
i
t
 
 
 
 
t
h
i
s
 
s
t
a
r
t
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
B
o
d
y
o
f
T
a
k
e
o
f
f
G
l
o
b
a
l
 
 
 
 
p
u
b
l
i
c
s
y
n
c
h
r
o
n
i
z
e
d
v
o
i
d
r
u
n
 
 
 
 
 
 
d
o
R
e
a
c
t
i
o
n
s
 
 
 
 
 
 
t
a
k
e
o
f
f
l
o
c
a
l
 
s
e
t
 
e
n
d
 
r
e
c
e
p
t
i
o
n
 
t
r
u
e
 
 
 
 
 
s
y
n
c
h
r
o
n
i
z
e
d
 
t
a
k
e
o
f
f
l
o
c
a
l
 
 
t
a
k
e
o
f
f
l
o
c
a
l
 
n
o
t
i
f
y
 
 
 
 
 
 
 
t
e
x
t
a
r
e
a
 
a
p
p
e
n
d
T
e
x
t
 
 
E
x
i
t
D
S
G
a
m
m
a
 
s
t
o
p
r
e
c
e
i
v
i
n
g
i
n
t
e
g
e
r
s
 
n
 
 
 
 
 
 
s
t
o
p
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
R
e
a
d
t
w
o
i
n
t
e
g
e
r
s
f
r
o
m
s
e
r
v
e
r
a
n
d
a
d
d
t
h
e
i
r
s
u
m
t
o
M
S
I
n
t
 
 
 
I
f
t
h
e
s
e
c
o
n
d
i
n
t
e
g
e
r
d
o
e
s
n
o
t
c
o
m
e
s
u
f
f
i
c
i
e
n
t
l
y
s
o
o
n
 
t
h
e
f
i
r
s
t
o
n
e
 
 
 
i
s
a
d
d
e
d
t
o
M
S
I
n
t
 
T
h
i
s
i
s
u
s
e
f
u
l
w
h
e
n
t
h
e
n
u
m
b
e
r
o
f
i
n
t
e
g
e
r
s
i
n
t
h
e
g
l
o
b
a
l
m
u
l
t
i
s
e
t
 
 
 
i
s
l
e
s
s
t
h
a
n
t
h
e
n
u
m
b
e
r
o
f
c
u
r
r
e
n
t
u
s
e
r
s
 
 
 
 
I
f
t
h
e
s
e
c
o
n
d
i
n
t
e
g
e
r
i
s
t
h
e
S
T
O
P
 
T
R
A
N
S
M
I
T
s
i
g
n
a
l
 
t
h
e
n
T
a
k
e
o
f
f
G
l
o
b
a
l
a
d
d
s
 
 
 
t
h
e
f
i
r
s
t
o
n
e
t
o
M
S
I
n
t
a
n
d
t
h
e
n
s
t
o
p
s
 
 
 
 
I
f
t
h
e
f
i
r
s
t
i
n
t
e
g
e
r
i
s
t
h
e
S
T
O
P
 
T
R
A
N
S
M
I
T
s
i
g
n
a
l
 
t
h
e
n
d
o
R
e
a
c
t
i
o
n
s
 
 
 
r
e
t
u
r
n
s
i
m
m
e
d
i
a
t
e
l
y
 
 
 
 
 
 
 
 
 
p
u
b
l
i
c
v
o
i
d
d
o
R
e
a
c
t
i
o
n
s
 
 
 
 
 
 
i
n
t
t
m
p
 
 
 
 
 
 
i
n
t
i
 
 
 
 
 
 
 
 
 
W
a
i
t
f
o
r
t
w
o
i
n
t
e
g
e
r
 
a
d
d
t
h
e
i
r
s
u
m
t
o
M
S
I
n
t
 
 
 
 
 
u
n
t
i
l
t
h
e
s
t
o
p
s
i
g
n
a
l
a
r
r
i
v
e
s
 
 
 
w
h
i
l
e
 
t
m
p
 
 
s
t
o
p
 
t
r
a
n
s
m
i
t
 
 
 
 
 
t
r
y
 
 
 
 
r
e
s
u
l
t
 
i
n
 
r
e
a
d
I
n
t
 
 
 
 
 
 
i
f
 
r
e
s
u
l
t
 
 
s
t
o
p
 
t
r
a
n
s
m
i
t
 
 
 
 
 
 
 
t
h
e
f
i
r
s
t
i
n
t
e
g
e
r
i
s
t
h
e
s
t
o
p
s
i
g
n
a
l
 
i
t
i
s
t
i
m
e
t
o
r
e
t
u
r
n
 
 
 
b
r
e
a
k
 
 
 
t
o
r
e
t
u
r
n
 
 
 
 
 
 
 
i
f
 
i
n
 
a
v
a
i
l
a
b
l
e
 
 
 
 
 
 
 
 
 
 
 
A
s
e
c
o
n
d
i
n
t
e
g
e
r
i
s
a
v
a
i
l
a
b
l
e
 
c
h
e
c
k
f
o
r
t
h
e
s
t
o
p
s
i
g
n
a
l
a
n
d
 
 
 
 
 
a
d
d
t
h
e
m
i
f
n
e
c
e
s
s
a
r
y
 
 
 
t
m
p
 
i
n
 
r
e
a
d
I
n
t
 
 
 
 
 
 
i
f
 
t
m
p
 
 
s
t
o
p
 
t
r
a
n
s
m
i
t
 
 
 
 
 
r
e
s
u
l
t
 
 
t
m
p
 
 
 
 
 
 
 
 
 
 
 
 
 
 
A
s
e
c
o
n
d
i
n
t
e
g
e
r
i
s
n
o
t
a
v
a
i
l
a
b
l
e
i
m
m
e
d
i
a
t
e
l
y
 
 
 
e
l
s
e
 
 
 
 
 
 
S
l
e
e
p
a
r
a
n
d
o
m
a
m
o
u
n
t
o
f
m
i
l
l
i
s
b
e
f
o
r
e
c
h
e
c
k
i
n
g
a
s
e
c
o
n
d
t
i
m
e
 
 
 
 
 
f
o
r
a
v
a
i
l
a
b
l
e
d
a
t
a
f
r
o
m
s
e
r
v
e
r
 
 
 
 
i
 
 
i
n
t
 
 
M
a
t
h
 
r
a
n
d
o
m
 
 
 
 
 
 
 
 
 
 
 
 
t
r
y
 
s
l
e
e
p
 
i
 
 
 
 
 
 
c
a
t
c
h
 
I
n
t
e
r
r
u
p
t
e
d
E
x
c
e
p
t
i
o
n
e
 
 
 
 
 
t
e
x
t
a
r
e
a
 
a
p
p
e
n
d
T
e
x
t
 
 
E
x
c
e
p
t
i
o
n
w
h
i
l
e
s
l
e
e
p
i
n
g
 
 
 
e
 
 
r
e
t
u
r
n
 B
 
 
 
I
M
P
L
E
M
E
N
T
A
T
I
O
N
 
T
H
E
J
A
V
A
P
R
O
G
R
A
M
 
 
 
 
 
 
 
 
 
 
f
i
n
a
l
l
y
 
 
 
 
i
f
 
i
n
 
a
v
a
i
l
a
b
l
e
 
 
 
 
 
 
 
 
 
 
 
A
s
e
c
o
n
d
i
n
t
e
g
e
r
i
s
a
v
a
i
l
a
b
l
e
a
f
t
e
r
s
l
e
e
p
i
n
g
 
c
h
e
c
k
o
f
t
h
e
s
t
o
p
s
i
g
n
a
l
 
 
 
 
 
a
n
d
a
d
d
t
h
e
f
i
r
s
t
a
n
d
t
h
e
s
e
c
o
n
d
i
f
n
e
c
e
s
s
a
r
y
 
 
 
t
m
p
 
i
n
 
r
e
a
d
I
n
t
 
 
 
 
 
 
i
f
 
t
m
p
 
 
s
t
o
p
 
t
r
a
n
s
m
i
t
 
 
 
 
 
r
e
s
u
l
t
 
 
t
m
p
 
 
 
 
 
 
 
 
 
 
 
 
 
 
i
f
n
o
s
e
c
o
n
d
i
n
t
e
g
e
r
i
s
a
v
a
i
l
a
b
e
 
t
h
e
f
i
r
s
t
o
n
e
i
s
r
e
i
n
j
e
c
t
e
d
 
 
 
 
 
i
n
V
e
c
t
o
r
 
i
n
s
t
e
a
d
o
f
t
h
e
s
u
m
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
A
d
d
e
i
t
h
e
r
t
h
e
f
i
r
s
t
i
n
t
e
g
e
r
r
e
c
e
i
v
e
d
f
r
o
m
s
e
r
v
e
r
 
o
r
t
h
e
s
u
m
o
f
 
 
 
 
 
t
w
o
i
n
t
e
g
e
r
s
r
e
c
e
i
v
e
d
f
r
o
m
s
e
r
v
e
r
 
 
 
 
M
S
I
n
t
 
a
d
d
E
l
e
m
e
n
t
 
n
e
w
I
n
t
e
g
e
r
 
r
e
s
u
l
t
 
 
 
 
 
 
 
 
 
 
 
N
o
t
i
f
i
e
s
T
a
k
e
o
f
f
L
o
c
a
l
t
h
a
t
a
n
e
w
i
n
t
e
g
e
r
h
a
s
a
r
r
i
v
e
d
i
n
M
S
I
n
t
 
t
h
i
s
i
s
 
 
 
 
 
n
e
c
e
s
s
a
r
y
i
f
M
S
I
n
t
w
a
s
e
m
p
t
y
 
 
 
 
s
y
n
c
h
r
o
n
i
z
e
d
 
t
a
k
e
o
f
f
l
o
c
a
l
 
 
t
a
k
e
o
f
f
l
o
c
a
l
 
n
o
t
i
f
y
 
 
 
 
 
 
 
 
 
 
 
 
 
 
c
a
t
c
h
 
I
O
E
x
c
e
p
t
i
o
n
e
 
 
 
 
 
t
e
x
t
a
r
e
a
 
a
p
p
e
n
d
T
e
x
t
 
 
C
o
n
n
e
c
t
i
o
n
c
l
o
s
e
d
b
y
s
e
r
v
e
r
 
 
 
 
 
 
b
r
e
a
k
 
 
 
t
o
r
e
t
u
r
n
 
 
 
 
 
 
 
 
 
 
 
r
e
t
u
r
n
 
 
 
t
o
r
u
n
 
 
 
 
 
 
 
 
 
 
 
 
e
n
d
o
f
T
a
k
e
o
f
f
G
l
o
b
a
l
U
t
i
l
s
 
p
a
c
k
a
g
e
M
y
U
t
i
l
s
 
 
 
i
m
p
o
r
t
j
a
v
a
 
a
w
t
 
 
 
 
i
m
p
o
r
t
j
a
v
a
 
i
o
 
 
 
 
i
m
p
o
r
t
j
a
v
a
 
n
e
t
 
 
 
 
i
m
p
o
r
t
j
a
v
a
 
u
t
i
l
 
 
 
 
 
 
 
 
S
e
t
o
f
f
u
n
c
t
i
o
n
s
u
s
e
f
u
l
f
o
r
s
o
m
e
c
o
n
v
e
r
s
i
o
n
s
 
 
 
 
 
 
p
u
b
l
i
c
f
i
n
a
l
c
l
a
s
s
C
o
n
v
e
r
t
 
 
 
 
 
 
 
 
C
o
n
v
e
r
t
s
a
S
t
r
i
n
g
i
n
t
o
a
V
e
c
t
o
r
o
f
I
n
t
e
g
e
r
s
 
 
 
E
x
 
S
t
r
i
n
g
 
 
 
 
 
 
b
e
c
o
m
e
s
V
e
c
t
o
r
o
f
t
w
o
I
n
t
e
g
e
r
s
 
 
a
n
d
 
 
 
 
 
T
h
e
c
u
r
r
e
n
t
i
m
p
l
e
m
e
n
t
a
t
i
o
n
d
o
e
s
n
o
t
c
o
n
s
i
d
e
r
i
l
l
 
f
o
r
m
e
d
s
t
r
i
n
g
s
 
 
 
 
 
 
 
p
u
b
l
i
c
s
t
a
t
i
c
v
o
i
d
S
t
r
i
n
g
t
o
I
n
t
e
g
e
r
 
S
t
r
i
n
g
s
 
V
e
c
t
o
r
v
 
 
 
 
 
 
i
n
t
b
e
g
i
n
I
n
d
e
x
 
 
 
 
 
i
n
t
e
n
d
I
n
d
e
x
 
 
 
 
 
 
 
e
x
t
r
a
c
t
i
o
n
o
f
s
u
b
s
t
r
i
n
g
f
r
o
m
a
s
t
r
i
n
g
 
 
B
I
 
w
h
i
l
e
 
b
e
g
i
n
I
n
d
e
x
 
s
 
l
e
n
g
t
h
 
 
 
 
 
 
 
 
 
 
s
e
a
r
c
h
f
o
r
a
n
e
w
i
n
t
e
g
e
r
 
 
w
h
i
l
e
 
C
h
a
r
a
c
t
e
r
 
i
s
S
p
a
c
e
 
s
 
c
h
a
r
A
t
 
b
e
g
i
n
I
n
d
e
x
 
 
 
 
 
 
b
e
g
i
n
I
n
d
e
x
 
 
 
 
 
i
f
 
b
e
g
i
n
I
n
d
e
x
 
 
s
 
l
e
n
g
t
h
 
 
 
b
r
e
a
k
B
I
 
 
 
 
 
 
e
n
d
I
n
d
e
x
 
b
e
g
i
n
I
n
d
e
x
 
 
 
 
 
i
f
 
e
n
d
I
n
d
e
x
 
s
 
l
e
n
g
t
h
 
 
 
  
 
 
A
P
P
E
N
D
I
X
B
 
D
S
G
A
M
M
A
S
Y
S
T
E
M
 
 
w
h
i
l
e
 
 
C
h
a
r
a
c
t
e
r
 
i
s
S
p
a
c
e
 
s
 
c
h
a
r
A
t
 
e
n
d
I
n
d
e
x
 
 
 
 
 
 
e
n
d
I
n
d
e
x
 
 
 
 
 
i
f
 
e
n
d
I
n
d
e
x
 
 
s
 
l
e
n
g
t
h
 
 
 
b
r
e
a
k
 
 
 
 
 
 
 
 
 
 
 
 
 
a
d
d
t
h
e
n
e
w
i
n
t
e
g
e
r
t
o
t
h
e
V
e
c
t
o
r
 
 
v
 
a
d
d
E
l
e
m
e
n
t
 
I
n
t
e
g
e
r
 
v
a
l
u
e
O
f
 
s
 
s
u
b
s
t
r
i
n
g
 
b
e
g
i
n
I
n
d
e
x
 
e
n
d
I
n
d
e
x
 
 
 
 
 
 
b
e
g
i
n
I
n
d
e
x
 
e
n
d
I
n
d
e
x
 
 
 
 
 
 
 
 
e
n
d
o
f
B
I
 
 
 
 
 
e
n
d
o
f
S
t
r
i
n
g
t
o
I
n
t
e
g
e
r
 
 
 B
i
b
l
i
o
g
r
a
p
h
y
 
 
 
M
 
A
b
a
d
i
a
n
d
L
 
L
a
m
p
o
r
t
 
T
h
e
e
x
i
s
t
e
n
c
e
o
f
r
e
 
n
e
m
e
n
t
m
a
p
p
i
n
g
s
 
T
e
c
h
n
i
c
a
l
R
e
p
o
r
t
 
 
 
D
E
C
R
e
s
e
a
r
c
h
C
e
n
t
e
r
 
P
a
l
o
A
l
t
o
 
C
A
 
 
 
 
 
 
 
 
 
M
 
A
b
a
d
i
a
n
d
L
 
L
a
m
p
o
r
t
 
O
p
e
n
s
y
s
t
e
m
s
i
n
T
L
A
 
I
n
P
r
o
c
e
e
d
i
n
g
s
o
f
t
h
e
 
 
t
h
A
n
n
u
a
l
A
C
M
S
y
m
p
o
s
i
u
m
o
n
P
r
i
n
c
i
p
l
e
s
o
f
D
i
s
t
r
i
b
u
t
e
d
C
o
m
p
u
t
i
n
g
 
p
a
g
e
s
 
 
 
 
 
 
 
 
 
 
 
 
 
 
M
 
A
b
a
d
i
a
n
d
L
 
L
a
m
p
o
r
t
 
C
o
n
j
o
i
n
i
n
g
s
p
e
c
i
 
c
a
t
i
o
n
s
 
A
C
M
T
r
a
n
s
a
c
t
i
o
n
s
o
n
P
r
o
g
r
a
m
m
i
n
g
L
a
n
g
u
a
g
e
s
a
n
d
S
y
s
t
e
m
s
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
M
a
y
 
 
 
 
 
 
 
 
J
 
 
R
 
A
b
r
i
a
l
 
A
r
e
 
n
e
m
e
n
t
c
a
s
e
s
t
u
d
y
 
u
s
i
n
g
t
h
e
A
b
s
t
r
a
c
t
M
a
c
h
i
n
e
N
o
t
a
t
i
o
n
 
 
I
n
R
 
C
 
M
o
r
r
i
s
a
n
d
J
 
M
 
S
h
a
w
 
e
d
i
t
o
r
s
 
 
t
h
R
e
 
n
e
m
e
n
t
W
o
r
k
s
h
o
p
 
P
r
o
c
e
e
d
i
n
g
s
o
f
t
h
e
 
t
h
R
e
 
n
e
m
e
n
t
W
o
r
k
s
h
o
p
 
W
o
r
k
s
h
o
p
s
i
n
C
o
m
p
u
t
i
n
g
 
p
a
g
e
s
 
 
 
 
 
 
B
e
r
l
i
n
 
G
e
r
m
a
n
y
 
j
a
n
 
 
 
 
 
S
p
r
i
n
g
e
r
 
V
e
r
l
a
g
 
 
 
 
J
 
 
R
 
A
b
r
i
a
l
 
T
h
e
B
 
B
o
o
k
 
A
s
s
i
g
n
i
n
g
P
r
o
g
r
a
m
s
t
o
M
e
a
n
i
n
g
s
 
C
a
m
b
r
i
d
g
e
U
n
i
v
e
r
s
i
t
y
P
r
e
s
s
 
 
 
 
 
 
 
 
 
K
e
n
A
r
n
o
l
d
a
n
d
J
a
m
e
s
G
o
s
l
i
n
g
 
T
h
e
J
a
v
a
P
r
o
g
r
a
m
m
i
n
g
L
a
n
g
u
a
g
e
 
T
h
e
J
a
v
a
S
e
r
i
e
s
 
A
d
d
i
s
o
n
 
W
e
s
l
e
y
 
 
 
 
 
 
 
 
 
R
 
J
 
R
 
B
a
c
k
 
R
e
 
n
e
m
e
n
t
C
a
l
c
u
l
u
s
 
P
a
r
t
I
I
 
P
a
r
a
l
l
e
l
a
n
d
R
e
a
c
t
i
v
e
P
r
o
g
r
a
m
s
 
I
n
J
 
W
 
d
e
B
a
k
k
e
r
 
W
 
 
P
 
d
e
R
o
e
v
e
r
 
a
n
d
G
 
R
o
z
e
n
b
e
r
g
 
e
d
i
t
o
r
s
 
S
t
e
p
w
i
s
e
R
e
 
n
e
m
e
n
t
o
f
D
i
s
t
r
i
b
u
t
e
d
S
y
s
t
e
m
s
 
M
o
d
e
l
s
 
F
o
r
m
a
l
i
s
m
s
 
C
o
r
r
e
c
t
n
e
s
s
 
R
E
X
W
o
r
k
s
h
o
p
 
v
o
l
u
m
e
 
 
 
o
f
L
N
C
S
 
B
e
r
l
i
n
 
G
e
r
m
a
n
y
 
 
 
 
 
 
S
p
r
i
n
g
e
r
 
V
e
r
l
a
g
 
 
 
 
R
 
J
 
R
 
B
a
c
k
a
n
d
J
 
v
o
n
W
r
i
g
h
t
 
R
e
 
n
e
m
e
n
t
C
a
l
c
u
l
u
s
 
P
a
r
t
I
 
S
e
q
u
e
n
t
i
a
l
N
o
n
d
e
t
e
r
m
i
n
i
s
t
i
c
P
r
o
g
r
a
m
s
 
I
n
J
 
W
 
d
e
B
a
k
k
e
r
 
W
 
 
P
 
d
e
R
o
e
v
e
r
 
a
n
d
G
 
R
o
z
e
n
b
e
r
g
 
e
d
i
t
o
r
s
 
S
t
e
p
w
i
s
e
R
e
 
n
e
m
e
n
t
o
f
D
i
s
t
r
i
b
u
t
e
d
S
y
s
t
e
m
s
 
M
o
d
e
l
s
 
F
o
r
m
a
l
i
s
m
s
 
C
o
r
r
e
c
t
n
e
s
s
 
R
E
X
W
o
r
k
s
h
o
p
 
v
o
l
u
m
e
 
 
 
o
f
L
N
C
S
 
B
e
r
l
i
n
 
G
e
r
m
a
n
y
 
 
 
 
 
 
S
p
r
i
n
g
e
r
 
V
e
r
l
a
g
 
 
 
 
R
 
J
 
R
 
B
a
c
k
a
n
d
J
 
v
o
n
W
r
i
g
h
t
 
T
r
a
c
e
r
e
 
n
e
m
e
n
t
o
f
a
c
t
i
o
n
s
y
s
t
e
m
s
 
I
n
B
 
J
o
n
s
s
o
n
a
n
d
J
 
P
a
r
r
o
w
 
e
d
i
t
o
r
s
 
C
O
N
C
U
R
 
 
 
 
c
o
n
c
u
r
r
e
n
c
y
t
h
e
o
r
y
 
v
o
l
u
m
e
 
 
 
o
f
L
N
C
S
 
B
e
r
l
i
n
 
G
e
r
 
m
a
n
y
 
 
 
 
 
 
S
p
r
i
n
g
e
r
 
V
e
r
l
a
g
 
 
 
  
 
 
B
I
B
L
I
O
G
R
A
P
H
Y
 
 
 
 
J
 
 
P
 
B
a
n
 
a
t
r
e
a
n
d
D
 
M
 
e
t
a
y
e
r
 
G
a
m
m
a
a
n
d
t
h
e
c
h
e
m
i
c
a
l
r
e
a
c
t
i
o
n
m
o
d
e
l
 
I
n
I
C
P
r
e
s
s
 
e
d
i
t
o
r
 
P
r
o
c
e
e
d
i
n
g
s
o
f
t
h
e
C
o
o
r
d
i
n
a
t
i
o
n
 
 
 
w
o
r
k
s
h
o
p
 
 
 
 
 
 
 
 
 
 
S
 
B
a
r
b
e
y
 
T
e
s
t
S
e
l
e
c
t
i
o
n
f
o
r
S
p
e
c
i
 
c
a
t
i
o
n
 
B
a
s
e
d
U
n
i
t
T
e
s
t
i
n
g
o
f
O
b
j
e
c
t
 
O
r
i
e
n
t
e
d
S
o
f
t
 
w
a
r
e
B
a
s
e
d
o
n
F
o
r
m
a
l
S
p
e
c
i
 
c
a
t
i
o
n
s
 
P
h
D
t
h
e
s
i
s
 
S
w
i
s
s
F
e
d
e
r
a
l
I
n
s
t
i
t
u
t
e
o
f
T
e
c
h
n
o
l
o
g
y
i
n
L
a
u
s
a
n
n
e
 
 
 
 
 
 
 
 
 
 
S
 
B
a
r
b
e
y
 
D
 
B
u
c
h
s
 
a
n
d
C
 
P
 
e
r
a
i
r
e
 
A
t
h
e
o
r
y
o
f
s
p
e
c
i
 
c
a
t
i
o
n
 
b
a
s
e
d
t
e
s
t
i
n
g
f
o
r
o
b
j
e
c
t
 
o
r
i
e
n
t
e
d
s
o
f
t
w
a
r
e
 
I
n
P
r
o
c
e
e
d
i
n
g
s
o
f
E
D
C
C
 
 
E
u
r
o
p
e
a
n
D
e
p
e
n
d
a
b
l
e
C
o
m
p
u
t
i
n
g
C
o
n
f
e
r
e
n
c
e
 
 
T
a
o
r
m
i
n
a
 
I
t
a
l
y
 
O
c
t
o
b
e
r
 
 
 
 
 
L
N
C
S
 
L
e
c
t
u
r
e
N
o
t
e
s
i
n
C
o
m
p
u
t
e
r
S
c
i
e
n
c
e
 
 
 
 
 
 
p
a
g
e
s
 
 
 
 
 
 
 
 
S
p
r
i
n
g
e
r
 
V
e
r
l
a
g
 
 
 
 
 
 
A
l
s
o
a
v
a
i
l
a
b
l
e
a
s
T
e
c
h
n
i
c
a
l
R
e
p
o
r
t
 
E
P
F
L
 
D
I
N
o
 
 
 
 
 
 
 
 
P
u
b
l
i
s
h
e
d
i
n
D
e
V
a
 
r
s
t
y
e
a
r
r
e
p
o
r
t
 
D
e
c
e
m
b
e
r
 
 
 
 
 
 
 
 
E
 
B
e
s
t
a
n
d
T
 
T
h
i
e
l
k
e
 
R
e
 
n
e
m
e
n
t
o
f
c
o
l
o
u
r
e
d
P
e
t
r
i
n
e
t
s
 
I
n
B
 
S
 
H
l
e
b
u
s
a
n
d
L
 
C
z
a
j
a
 
e
d
i
t
o
r
s
 
F
u
n
d
a
m
e
n
t
a
l
s
o
f
c
o
m
p
u
t
a
t
i
o
n
t
h
e
o
r
y
 
F
C
T
 
 
 
 
v
o
l
u
m
e
 
 
 
 
o
f
L
e
c
t
u
r
e
N
o
t
e
s
i
n
C
o
m
p
u
t
e
r
S
c
i
e
n
c
e
 
p
a
g
e
s
 
 
 
 
 
 
 
 
B
e
r
l
i
n
 
G
e
r
m
a
n
y
 
 
 
 
 
 
S
p
r
i
n
g
e
r
 
V
e
r
l
a
g
 
 
 
 
 
O
 
B
i
b
e
r
s
t
e
i
n
 
C
O
 
O
P
N
 
 
 
A
n
O
b
j
e
c
t
 
O
r
i
e
n
t
e
d
F
o
r
m
a
l
i
s
m
f
o
r
t
h
e
S
p
e
c
i
 
c
a
t
i
o
n
o
f
C
o
n
 
c
u
r
r
e
n
t
S
y
s
t
e
m
s
 
P
h
D
t
h
e
s
i
s
 
U
n
i
v
e
r
s
i
t
y
o
f
G
e
n
e
v
a
 
G
e
n
e
v
a
 
 
 
 
 
 
N
o
 
 
 
 
 
 
 
 
 
O
 
B
i
b
e
r
s
t
e
i
n
 
D
 
B
u
c
h
s
 
C
 
B
u
 
a
r
d
 
M
 
B
u
 
o
 
J
 
F
l
u
m
e
t
 
J
 
H
u
l
a
a
s
 
G
 
D
i
M
a
r
z
o
 
a
n
d
P
 
R
a
c
l
o
z
 
S
A
N
D
S
 
 
 
 
C
O
O
P
N
 
 
 
 
A
n
o
v
e
r
v
i
e
w
o
f
t
h
e
l
a
n
g
u
a
g
e
a
n
d
i
t
s
s
u
p
p
o
r
t
i
n
g
t
o
o
l
s
 
T
e
c
h
 
R
e
p
o
r
t
 
 
 
 
 
 
 
S
w
i
s
s
F
e
d
e
r
a
l
I
n
s
t
i
t
u
t
e
o
f
T
e
c
h
n
o
l
o
g
y
 
E
P
F
L
 
 
S
o
f
t
w
a
r
e
E
n
g
i
n
e
e
r
i
n
g
L
a
b
o
r
a
t
o
r
y
 
L
a
u
s
a
n
n
e
 
S
w
i
t
z
e
r
l
a
n
d
 
J
u
n
e
 
 
 
 
 
 
 
 
 
P
 
B
o
r
b
a
 
S
e
m
a
n
t
i
c
s
a
n
d
R
e
 
n
e
m
e
n
t
f
o
r
a
C
o
n
c
u
r
r
e
n
t
O
b
j
e
c
t
O
r
i
e
n
t
e
d
L
a
n
g
u
a
g
e
 
P
h
D
t
h
e
 
s
i
s
 
O
x
f
o
r
d
U
n
i
v
e
r
s
i
t
y
 
C
o
m
p
u
t
i
n
g
L
a
b
o
r
a
t
o
r
y
 
P
r
o
g
r
a
m
m
i
n
g
R
e
s
e
a
r
c
h
G
r
o
u
p
 
J
u
l
y
 
 
 
 
 
 
 
 
 
P
 
B
o
r
b
a
a
n
d
J
 
G
o
g
u
e
n
 
A
n
o
p
e
r
a
t
i
o
n
a
l
s
e
m
a
n
t
i
c
s
f
o
r
F
O
O
P
S
 
I
n
R
 
W
i
e
r
i
n
g
a
a
n
d
R
 
F
e
e
n
s
t
r
a
 
e
d
i
t
o
r
s
 
W
o
r
k
i
n
g
P
a
p
e
r
s
o
f
t
h
e
I
n
t
e
r
n
a
t
i
o
n
a
l
W
o
r
k
s
h
o
p
o
n
I
n
f
o
r
m
a
t
i
o
n
S
y
s
 
t
e
m
s
 
C
o
r
r
e
c
t
n
e
s
s
a
n
d
R
e
u
s
a
b
i
l
i
l
i
t
y
 
I
S
 
C
O
R
E
 
 
 
 
T
e
c
h
n
i
c
a
l
R
e
p
o
r
t
I
R
 
 
 
 
 
A
m
s
t
e
r
d
a
m
 
 
 
 
 
 
V
r
i
j
e
U
n
i
v
e
r
s
i
t
e
i
t
 
 
 
 
 
P
 
B
o
r
b
a
a
n
d
J
 
G
o
g
u
e
n
 
R
e
 
n
e
m
e
n
t
o
f
c
o
n
c
u
r
r
e
n
t
o
b
j
e
c
t
o
r
i
e
n
t
e
d
p
r
o
g
r
a
m
s
 
T
e
c
h
n
i
c
a
l
R
e
p
o
r
t
P
R
G
 
T
R
 
 
 
 
 
 
 
O
x
f
o
r
d
U
n
i
v
e
r
s
i
t
y
 
C
o
m
p
u
t
i
n
g
L
a
b
o
r
a
t
o
r
y
 
P
r
o
g
r
a
m
m
i
n
g
R
e
s
e
a
r
c
h
G
r
o
u
p
 
 
 
 
 
 
 
 
 
 
W
 
B
r
a
u
e
r
 
R
 
G
o
l
d
 
a
n
d
W
 
V
o
g
l
e
r
 
A
s
u
r
v
e
y
o
f
b
e
h
a
v
i
o
u
r
a
n
d
e
q
u
i
v
a
l
e
n
c
e
p
r
e
s
e
r
v
i
n
g
r
e
 
n
e
m
e
n
t
s
o
f
P
e
t
r
i
n
e
t
s
 
I
n
G
 
R
o
z
e
n
b
e
r
g
 
e
d
i
t
o
r
 
A
d
v
a
n
c
e
s
i
n
P
e
t
r
i
N
e
t
s
 
 
 
 
 
v
o
l
u
m
e
 
 
 
o
f
L
N
C
S
 
p
a
g
e
s
 
 
 
 
 
B
e
r
l
i
n
 
G
e
r
m
a
n
y
 
 
 
 
 
 
S
p
r
i
n
g
e
r
 
V
e
r
l
a
g
 
 
 
 
 
D
 
B
u
c
h
s
 
P
 
R
a
c
l
o
z
 
M
 
B
u
 
o
 
J
 
F
l
u
m
e
t
 
a
n
d
E
 
U
r
l
a
n
d
 
D
e
r
i
v
i
n
g
p
a
r
a
l
l
e
l
p
r
o
g
r
a
m
s
u
s
i
n
g
s
a
n
d
s
t
o
o
l
s
 
T
r
a
n
s
p
u
t
e
r
C
o
m
m
u
n
i
c
a
t
i
o
n
s
 
 
 
 
 
 
 
 
 
 
 
 
J
a
n
u
a
r
y
 
 
 
 
 
 
 
 
 
D
i
d
i
e
r
B
u
c
h
s
a
n
d
N
i
c
o
l
a
s
G
u
e
l
 
 
C
O
 
O
P
N
 
A
c
o
n
c
u
r
r
e
n
t
o
b
j
e
c
t
o
r
i
e
n
t
e
d
P
e
t
r
i
n
e
t
s
m
o
d
e
l
 
R
a
p
p
o
r
t
s
d
e
R
e
c
h
e
r
c
h
e
 
L
R
I
 
 
 
 
U
n
i
v
e
r
s
i
t
y
o
f
P
a
r
i
s
 
S
u
d
 
 
 
 
 
 B
I
B
L
I
O
G
R
A
P
H
Y
 
 
 
 
 
 
 
M
 
B
u
 
o
 
C
o
n
t
e
x
t
u
a
l
C
o
o
r
d
i
n
a
t
i
o
n
 
a
c
o
o
r
d
i
n
a
t
i
o
n
m
o
d
e
l
f
o
r
d
i
s
t
r
i
b
u
t
e
d
o
b
j
e
c
t
s
y
s
t
e
m
s
 
P
h
D
t
h
e
s
i
s
 
U
n
i
v
e
r
s
i
t
y
o
f
G
e
n
e
v
a
 
 
 
 
 
 
 
 
 
 
M
 
B
u
 
o
a
n
d
D
 
B
u
c
h
s
 
A
d
i
s
t
r
i
b
u
t
e
d
s
e
m
a
n
t
i
c
s
f
o
r
a
d
e
s
i
g
n
 
l
e
v
e
l
I
W
I
M
 
b
a
s
e
d
c
o
o
r
d
i
n
a
t
i
o
n
l
a
n
g
u
a
g
e
 
I
n
s
u
b
m
i
t
t
e
d
t
o
C
O
O
R
D
I
N
A
T
I
O
N
 
 
 
 
 
 
 
 
 
 
 
 
 
M
 
B
u
 
o
a
n
d
D
 
B
u
c
h
s
 
P
o
l
y
m
o
r
p
h
i
s
m
a
n
d
m
o
d
u
l
e
 
r
e
u
s
e
m
e
c
h
a
n
i
s
m
s
f
o
r
a
l
g
e
b
r
a
i
c
P
e
t
r
i
n
e
t
s
i
n
C
o
o
p
n
T
o
o
l
s
 
I
n
s
u
b
m
i
t
t
e
d
t
o
I
C
A
T
P
N
 
 
 
 
 
 
 
 
 
 
 
 
 
A
 
C
o
e
n
 
P
o
r
i
s
i
n
i
 
R
 
A
 
K
e
m
m
e
r
e
r
 
a
n
d
D
 
M
a
n
d
r
i
o
l
i
 
A
f
o
r
m
a
l
f
r
a
m
e
w
o
r
k
f
o
r
A
S
T
R
A
L
i
n
t
e
r
 
l
e
v
e
l
p
r
o
o
f
o
b
l
i
g
a
t
i
o
n
s
 
I
n
P
r
o
c
e
e
d
i
n
g
s
o
f
t
h
e
 
t
h
E
u
r
o
p
e
a
n
S
o
f
t
w
a
r
e
E
n
g
i
n
e
e
r
i
n
g
C
o
n
 
f
e
r
e
n
c
e
 
E
S
E
C
 
 
 
 
 
n
u
m
b
e
r
 
 
 
i
n
L
N
C
S
 
p
a
g
e
s
 
 
 
 
 
 
 
B
e
r
l
i
n
 
G
e
r
m
a
n
y
 
 
 
 
 
 
S
p
r
i
n
g
e
r
 
V
e
r
l
a
g
 
 
 
 
 
G
 
D
e
n
k
e
r
 
R
e
i
 
c
a
t
i
o
n
 
c
h
a
n
g
i
n
g
v
i
e
w
p
o
i
n
t
b
u
t
p
r
e
s
e
r
v
i
n
g
t
r
u
t
h
 
I
n
M
 
H
a
v
e
r
a
a
n
 
O
 
O
w
e
 
a
n
d
O
 
 
J
 
D
a
h
l
 
e
d
i
t
o
r
s
 
R
e
c
e
n
t
T
r
e
n
d
s
i
n
D
a
t
a
T
y
p
e
s
S
p
e
c
i
 
c
a
t
i
o
n
 
P
r
o
c
 
 
 
t
h
W
o
r
k
s
h
o
p
o
n
S
p
e
c
i
 
c
a
t
i
o
n
o
f
A
b
s
t
r
a
c
t
D
a
t
a
T
y
p
e
s
j
o
i
n
t
w
i
t
h
t
h
e
 
t
h
G
e
n
e
r
a
l
C
O
M
P
A
S
S
M
e
e
t
i
n
g
 
S
e
l
e
c
t
e
d
P
a
p
e
r
s
 
 
v
o
l
u
m
e
 
 
 
 
o
f
L
N
C
S
 
p
a
g
e
s
 
 
 
 
 
 
 
 
B
e
r
l
i
n
 
G
e
r
m
a
n
y
 
 
 
 
 
 
S
p
r
i
n
g
e
r
 
V
e
r
l
a
g
 
 
 
 
 
G
 
D
e
n
k
e
r
 
S
e
m
a
n
t
i
c
r
e
 
n
e
m
e
n
t
o
f
c
o
n
c
u
r
r
e
n
t
o
b
j
e
c
t
s
y
s
t
e
m
s
b
a
s
e
d
o
n
s
e
r
i
a
l
i
z
a
b
i
l
i
t
y
 
I
n
B
 
F
r
e
i
t
a
g
 
C
 
B
 
J
o
n
e
s
 
C
 
L
e
n
g
a
u
e
r
 
a
n
d
H
 
 
J
 
S
c
h
e
k
 
e
d
i
t
o
r
s
 
O
b
j
e
c
t
 
O
r
i
e
n
t
a
t
i
o
n
w
i
t
h
P
a
r
a
l
l
e
l
i
s
m
a
n
d
P
e
r
s
i
s
t
e
n
c
e
 
p
a
g
e
s
 
 
 
 
 
 
 
 
K
l
u
w
e
r
A
c
a
d
e
m
i
c
P
u
b
l
i
s
h
e
r
 
 
 
 
 
 
 
 
 
 
G
 
D
e
n
k
e
r
a
n
d
P
 
H
a
r
t
e
l
 
T
r
o
l
l
 
a
n
o
b
j
e
c
t
o
r
i
e
n
t
e
d
f
o
r
m
a
l
m
e
t
h
o
d
f
o
r
d
i
s
t
r
i
b
u
t
e
d
i
n
 
f
o
r
m
a
t
i
o
n
s
y
s
t
e
m
d
e
s
i
g
n
 
S
y
n
t
a
x
a
n
d
p
r
a
g
m
a
t
i
c
s
 
T
e
c
h
n
i
c
a
l
R
e
p
o
r
t
 
 
 
 
 
 
T
e
c
h
n
i
s
c
h
e
U
n
i
v
e
r
s
i
t
 
a
t
B
r
a
u
n
s
c
h
w
e
i
g
 
B
r
a
u
n
s
c
h
w
e
i
g
 
G
e
r
m
a
n
y
 
 
 
 
 
 
 
 
 
 
R
 
D
e
v
i
l
l
e
r
s
 
H
 
K
l
a
u
d
e
l
 
a
n
d
R
 
 
C
 
R
i
e
m
a
n
n
 
G
e
n
e
r
a
l
r
e
 
n
e
m
e
n
t
f
o
r
h
i
g
h
l
e
v
e
l
P
e
t
r
i
n
e
t
s
 
I
n
S
 
R
a
m
e
s
h
a
n
d
G
 
S
i
v
a
k
u
m
a
r
 
e
d
i
t
o
r
s
 
F
o
u
n
d
a
t
i
o
n
s
o
f
s
o
f
t
w
a
r
e
t
e
c
h
n
o
l
o
g
y
a
n
d
t
h
e
o
r
e
t
i
c
a
l
c
o
m
p
u
t
e
r
s
c
i
e
n
c
e
 
p
r
o
c
e
e
d
i
n
g
s
 
v
o
l
u
m
e
 
 
 
 
o
f
L
e
c
t
u
r
e
N
o
t
e
s
i
n
C
o
m
p
u
t
e
r
S
c
i
e
n
c
e
 
p
a
g
e
s
 
 
 
 
 
 
 
 
B
e
r
l
i
n
 
G
e
r
m
a
n
y
 
 
 
 
 
 
S
p
r
i
n
g
e
r
 
V
e
r
l
a
g
 
 
 
 
 
G
 
D
i
M
a
r
z
o
S
e
r
u
g
e
n
d
o
 
N
 
G
u
e
l
 
 
A
 
R
o
m
a
n
o
v
s
k
y
 
a
n
d
A
 
F
 
Z
o
r
z
o
 
C
o
 
o
p
n
 
 
s
p
e
c
i
 
 
c
a
t
i
o
n
s
o
f
t
h
e
D
S
G
a
m
m
a
s
y
s
t
e
m
d
e
s
i
g
n
e
d
u
s
i
n
g
c
o
o
r
d
i
n
a
t
e
d
a
t
o
m
i
c
a
c
t
i
o
n
s
 
T
e
c
h
n
i
c
a
l
R
e
p
o
r
t
 
 
 
 
U
n
i
v
e
r
s
i
t
y
o
f
N
e
w
c
a
s
t
l
e
u
p
o
n
T
y
n
e
 
j
u
n
e
 
 
 
 
 
 
 
 
 
G
 
D
i
M
a
r
z
o
S
e
r
u
g
e
n
d
o
 
N
 
G
u
e
l
 
 
A
 
R
o
m
a
n
o
v
s
k
y
 
a
n
d
A
 
F
 
Z
o
r
z
o
 
F
o
r
m
a
l
d
e
v
e
l
o
p
m
e
n
t
a
n
d
v
a
l
i
d
a
t
i
o
n
o
f
t
h
e
D
S
G
a
m
m
a
s
y
s
t
e
m
b
a
s
e
d
o
n
C
O
 
O
P
N
 
 
a
n
d
C
o
o
r
d
i
n
a
t
e
d
A
t
o
m
i
c
A
c
t
i
o
n
s
 
T
e
c
h
n
i
c
a
l
R
e
p
o
r
t
 
 
 
 
 
 
 
S
o
f
t
w
a
r
e
E
n
g
i
n
e
e
r
i
n
g
L
a
b
o
r
a
t
o
r
y
 
S
w
i
s
s
F
e
d
e
r
a
l
I
n
s
t
i
t
u
t
e
o
f
T
e
c
h
n
o
l
o
g
y
 
L
a
u
s
a
n
n
e
 
S
w
i
t
z
e
r
l
a
n
d
 
 
 
 
 
 
 
 
 
 
G
i
o
v
a
n
n
a
D
i
M
a
r
z
o
S
e
r
u
g
e
n
d
o
a
n
d
N
i
c
o
l
a
s
G
u
e
l
 
 
F
o
r
m
a
l
D
e
v
e
l
o
p
m
e
n
t
o
f
J
a
v
a
P
r
o
g
r
a
m
s
 
T
e
c
h
n
i
c
a
l
R
e
p
o
r
t
 
 
 
 
 
 
 
S
o
f
t
w
a
r
e
E
n
g
i
n
e
e
r
i
n
g
L
a
b
o
r
a
t
o
r
y
 
S
w
i
s
s
F
e
d
e
r
a
l
I
n
s
t
i
t
u
t
e
o
f
T
e
c
h
 
n
o
l
o
g
y
 
L
a
u
s
a
n
n
e
 
S
w
i
t
z
e
r
l
a
n
d
 
 
 
 
 
 
 
 
 
 
M
 
F
e
l
d
e
r
 
A
 
G
a
r
g
a
n
t
i
n
i
 
a
n
d
A
 
M
o
r
z
e
n
t
i
 
A
t
h
e
o
r
y
o
f
i
m
p
l
e
m
e
n
t
a
t
i
o
n
a
n
d
r
e
 
n
e
m
e
n
t
i
n
t
i
m
e
d
P
e
t
r
i
n
e
t
s
 
T
h
e
o
r
e
t
i
c
a
l
C
o
m
p
u
t
e
r
S
c
i
e
n
c
e
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
 
B
I
B
L
I
O
G
R
A
P
H
Y
 
 
 
 
M
 
F
e
l
d
e
r
 
D
 
M
a
n
d
r
i
o
l
i
 
a
n
d
A
 
M
o
r
z
e
n
t
i
 
P
r
o
v
i
n
g
p
r
o
p
e
r
t
i
e
s
o
f
r
e
a
l
 
t
i
m
e
s
y
s
t
e
m
s
t
h
r
o
u
g
h
l
o
g
i
c
a
l
s
p
e
c
i
 
c
a
t
i
o
n
s
a
n
d
P
e
t
r
i
n
e
t
m
o
d
e
l
s
 
I
E
E
E
T
r
a
n
s
a
c
t
i
o
n
s
o
n
S
o
f
t
w
a
r
e
E
n
g
i
n
e
e
r
i
n
g
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
F
e
b
r
u
a
r
y
 
 
 
 
 
 
 
 
 
J
 
L
 
F
i
a
d
e
i
r
o
 
O
n
t
h
e
e
m
e
r
g
e
n
c
e
o
f
p
r
o
p
e
r
t
i
e
s
i
n
c
o
m
p
o
n
e
n
t
 
b
a
s
e
d
s
y
s
t
e
m
s
 
I
n
M
 
W
i
r
s
i
n
g
a
n
d
M
 
N
i
v
a
t
 
e
d
i
t
o
r
s
 
A
l
g
e
b
r
a
i
c
M
e
t
h
o
d
o
l
o
g
y
a
n
d
S
o
f
t
w
a
r
e
T
e
c
h
n
o
l
o
g
y
 
P
r
o
c
e
e
d
i
n
g
s
 
 
 
 
 
 
v
o
l
u
m
e
 
 
 
 
o
f
L
N
C
S
 
p
a
g
e
s
 
 
 
 
 
 
 
 
B
e
r
l
i
n
 
G
e
r
m
a
n
y
 
 
 
 
 
 
S
p
r
i
n
g
e
r
 
V
e
r
l
a
g
 
 
 
 
 
D
a
v
i
d
F
l
a
n
a
g
a
n
e
t
a
l
 
J
a
v
a
i
n
a
N
u
t
s
h
e
l
l
 
O
 
R
e
i
l
l
y
 
A
s
s
o
c
i
a
t
e
s
 
I
n
c
 
 
 
 
 
C
h
e
s
t
n
u
t
S
t
r
e
e
t
 
N
e
w
t
o
n
 
M
A
 
 
 
 
 
 
U
S
A
 
d
e
l
u
x
e
e
d
i
t
i
o
n
 
 
 
 
 
 
 
 
 
 
C
 
G
h
e
z
z
i
a
n
d
R
 
K
e
m
m
e
r
e
r
 
A
S
T
R
A
L
 
A
n
a
s
s
e
r
t
i
o
n
l
a
n
g
u
a
g
e
f
o
r
s
p
e
c
i
f
y
i
n
g
r
e
a
l
t
i
m
e
s
y
s
t
e
m
s
 
I
n
A
 
v
a
n
L
a
m
s
w
e
e
r
d
e
a
n
d
A
 
F
u
g
e
t
t
a
 
e
d
i
t
o
r
s
 
P
r
o
c
e
e
d
i
n
g
s
o
f
t
h
e
E
u
r
o
p
e
a
n
S
o
f
t
w
a
r
e
E
n
g
i
n
e
e
r
i
n
g
C
o
n
f
e
r
e
n
c
e
 
E
S
E
C
 
 
 
 
 
n
u
m
b
e
r
 
 
 
i
n
L
N
C
S
 
p
a
g
e
s
 
 
 
 
 
 
 
 
B
e
r
l
i
n
 
G
e
r
m
a
n
y
 
 
 
 
 
 
S
p
r
i
n
g
e
r
 
V
e
r
l
a
g
 
 
 
 
 
C
 
G
h
e
z
z
i
a
n
d
R
 
K
e
m
m
e
r
e
r
 
E
x
e
c
u
t
i
n
g
f
o
r
m
a
l
s
p
e
c
i
 
c
a
t
i
o
n
s
 
t
h
e
A
S
T
R
A
L
t
o
T
R
I
O
t
r
a
n
s
l
a
t
i
o
n
a
p
p
r
o
a
c
h
 
I
n
P
r
o
c
e
e
d
i
n
g
s
o
f
T
A
V
 
 
t
h
e
S
y
m
p
o
s
i
u
m
o
n
T
e
s
t
i
n
g
 
A
n
a
l
y
s
i
s
 
a
n
d
V
e
r
i
 
c
a
t
i
o
n
 
p
a
g
e
s
 
 
 
 
 
 
 
 
N
e
w
 
Y
o
r
k
 
 
 
 
 
 
A
C
M
S
o
f
t
w
a
r
e
E
n
g
i
n
e
e
r
i
n
g
N
o
t
e
s
 
 
 
 
 
C
 
G
h
e
z
z
i
 
D
 
M
a
n
d
r
i
o
l
i
 
a
n
d
A
 
M
o
r
z
e
n
t
i
 
T
R
I
O
 
a
l
o
g
i
c
l
a
n
g
u
a
g
e
f
o
r
e
x
e
c
u
t
a
b
l
e
s
p
e
c
i
 
 
c
a
t
i
o
n
s
o
f
r
e
a
l
t
i
m
e
s
y
s
t
e
m
s
 
J
o
u
r
n
a
l
o
f
S
y
s
t
e
m
s
a
n
d
S
o
f
t
w
a
r
e
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
J
 
G
o
g
u
e
n
a
n
d
T
 
W
i
n
k
l
e
r
 
I
n
t
r
o
d
u
c
i
n
g
O
B
J
 
 
T
e
c
h
n
i
c
a
l
R
e
p
o
r
t
S
R
I
 
C
S
L
 
 
 
 
 
 
S
R
I
I
n
t
e
r
 
n
a
t
i
o
n
a
l
 
C
o
m
p
u
t
e
r
S
c
i
e
n
c
e
L
a
b
 
M
e
n
l
o
P
a
r
k
 
C
A
 
 
 
 
 
 
 
 
 
 
A
 
H
e
n
n
e
s
s
y
a
n
d
R
 
M
i
l
n
e
r
 
A
l
g
e
b
r
a
i
c
l
a
w
s
f
o
r
n
o
n
d
e
t
e
r
m
i
n
i
s
m
a
n
d
c
o
n
c
u
r
r
e
n
c
y
 
J
o
u
r
n
a
l
o
f
t
h
e
A
C
M
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
M
 
H
u
h
n
 
H
 
W
e
h
r
h
e
i
m
 
a
n
d
G
 
D
e
n
k
e
r
 
A
c
t
i
o
n
r
e
 
n
e
m
e
n
t
i
n
s
y
s
t
e
m
s
p
e
c
i
 
c
a
t
i
o
n
 
C
o
m
 
p
a
r
i
n
g
a
p
r
o
c
e
s
s
a
l
g
e
b
r
a
i
c
a
n
d
a
n
o
b
j
e
c
t
 
o
r
i
e
n
t
e
d
a
p
p
r
o
a
c
h
 
I
n
U
 
H
e
r
z
o
g
a
n
d
H
 
H
e
r
 
m
a
n
n
s
 
e
d
i
t
o
r
s
 
G
I
 
I
T
G
 
F
a
c
h
g
e
s
p
r
 
a
c
h
 
F
o
r
m
a
l
e
B
e
s
c
h
r
e
i
b
u
n
g
s
t
e
c
h
n
i
k
e
n
f
 
u
r
v
e
r
t
e
i
l
t
e
S
y
s
 
t
e
m
e
 
 
 
 
 
i
n
A
r
b
e
i
t
s
b
e
r
i
c
h
t
d
e
s
I
M
M
D
 
p
a
g
e
s
 
 
 
 
 
 
G
e
r
m
a
n
y
 
 
 
 
 
 
U
n
i
v
e
r
s
i
t
 
a
t
E
r
l
a
n
g
e
n
 
h
t
t
p
 
 
 
w
w
w
 
c
s
 
t
u
 
b
s
 
d
e
 
i
d
b
 
p
u
b
l
i
c
a
t
i
o
n
s
 
h
u
h
w
e
h
d
e
n
 
 
a
b
s
 
h
t
m
l
 
 
 
 
 
J
 
H
u
l
a
a
s
 
A
n
I
n
c
r
e
m
e
n
t
a
l
P
r
o
t
o
t
y
p
i
n
g
M
e
t
h
o
d
o
l
o
g
y
f
o
r
D
i
s
t
r
i
b
u
t
e
d
S
y
s
t
e
m
s
B
a
s
e
d
o
n
F
o
r
 
m
a
l
S
p
e
c
i
 
c
a
t
i
o
n
s
 
P
h
D
t
h
e
s
i
s
 
n
o
 
 
 
 
 
S
w
i
s
s
F
e
d
e
r
a
l
I
n
s
t
i
t
u
t
e
o
f
T
e
c
h
n
o
l
o
g
y
i
n
L
a
u
s
a
n
n
e
 
 
 
 
 
 
 
 
 
 
J
 
J
a
c
o
b
 
T
h
e
v
a
r
i
e
t
i
e
s
o
f
r
e
 
n
e
m
e
n
t
s
 
I
n
J
 
M
 
M
o
r
r
i
s
a
n
d
R
 
C
 
S
h
a
w
 
e
d
i
t
o
r
s
 
 
t
h
R
e
 
 
n
e
m
e
n
t
W
o
r
k
s
h
o
p
 
W
o
r
k
s
h
o
p
s
i
n
C
o
m
p
u
t
i
n
g
 
p
a
g
e
s
 
 
 
 
 
 
 
 
B
e
r
l
i
n
 
G
e
r
m
a
n
y
 
 
 
 
 
 
S
p
r
i
n
g
e
r
 
V
e
r
l
a
g
 
 
 
 
 
A
 
K
i
e
h
n
 
P
e
t
r
i
n
e
t
s
y
s
t
e
m
s
a
n
d
t
h
e
i
r
c
l
o
s
u
r
e
p
r
o
p
e
r
t
i
e
s
 
I
n
G
 
R
o
z
e
n
b
e
r
g
 
e
d
i
t
o
r
 
A
d
v
a
n
c
e
s
i
n
P
e
t
r
i
N
e
t
s
 
 
 
 
 
v
o
l
u
m
e
 
 
 
o
f
L
N
C
S
 
p
a
g
e
s
 
 
 
 
 
 
 
 
B
e
r
l
i
n
 
G
e
r
m
a
n
y
 
J
u
n
e
 
 
 
 
 
S
p
r
i
n
g
e
r
 
V
e
r
l
a
g
 B
I
B
L
I
O
G
R
A
P
H
Y
 
 
 
 
 
 
 
L
 
L
a
m
p
o
r
t
 
T
h
e
t
e
m
p
o
r
a
l
l
o
g
i
c
o
f
a
c
t
i
o
n
s
 
A
C
M
T
r
a
n
s
a
c
t
i
o
n
s
o
n
P
r
o
g
r
a
m
m
i
n
g
L
a
n
g
u
a
g
e
s
a
n
d
S
y
s
t
e
m
s
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
M
a
y
 
 
 
 
 
 
 
 
 
K
 
L
a
n
o
 
F
o
r
m
a
l
O
b
j
e
c
t
 
O
r
i
e
n
t
e
d
D
e
v
e
l
o
p
m
e
n
t
 
S
p
r
i
n
g
e
r
 
V
e
r
l
a
g
 
L
o
n
d
o
n
 
 
 
 
 
 
 
 
 
 
D
o
u
g
L
e
a
 
C
o
n
c
u
r
r
e
n
t
P
r
o
g
r
a
m
m
i
n
g
i
n
J
a
v
a
 
T
h
e
J
a
v
a
S
e
r
i
e
s
 
A
d
d
i
s
o
n
 
W
e
s
l
e
y
 
 
 
 
 
 
 
 
 
 
T
i
m
L
i
n
d
h
o
l
m
a
n
d
F
r
a
n
k
Y
e
l
l
i
n
 
T
h
e
J
a
v
a
V
i
r
t
u
a
l
M
a
c
h
i
n
e
S
p
e
c
i
 
c
a
t
i
o
n
 
T
h
e
J
a
v
a
S
e
r
i
e
s
 
A
d
d
i
s
o
n
 
W
e
s
l
e
y
 
R
e
a
d
i
n
g
 
M
A
 
U
S
A
 
J
a
n
u
a
r
y
 
 
 
 
 
 
 
 
 
B
 
M
e
y
e
r
 
O
b
j
e
c
t
 
O
r
i
e
n
t
e
d
S
o
f
t
w
a
r
e
C
o
n
s
t
r
u
c
t
i
o
n
 
P
r
e
n
t
i
c
e
H
a
l
l
 
 
 
 
 
 
 
 
 
 
J
 
P
a
d
b
e
r
g
 
A
b
s
t
r
a
c
t
P
e
t
r
i
N
e
t
s
 
U
n
i
f
o
r
m
A
p
p
r
o
a
c
h
a
n
d
R
u
l
e
 
B
a
s
e
d
R
e
 
n
e
m
e
n
t
 
P
h
D
t
h
e
s
i
s
 
T
e
c
h
n
i
c
a
l
U
n
i
v
e
r
s
i
t
y
o
f
B
e
r
l
i
n
 
 
 
 
 
 
 
 
 
 
C
 
P
 
e
r
a
i
r
e
 
F
o
r
m
a
l
T
e
s
t
i
n
g
o
f
O
b
j
e
c
t
 
O
r
i
e
n
t
e
d
S
o
f
t
w
a
r
e
 
f
r
o
m
t
h
e
M
e
t
h
o
d
t
o
t
h
e
T
o
o
l
 
P
h
D
t
h
e
s
i
s
 
S
w
i
s
s
F
e
d
e
r
a
l
I
n
s
t
i
t
u
t
e
o
f
T
e
c
h
n
o
l
o
g
y
i
n
L
a
u
s
a
n
n
e
 
 
 
 
 
 
 
 
 
 
G
 
P
l
o
t
k
i
n
 
L
C
F
c
o
n
s
i
d
e
r
e
d
a
s
a
p
r
o
g
r
a
m
m
i
n
g
l
a
n
g
u
a
g
e
 
T
h
e
o
r
e
t
i
c
a
l
C
o
m
p
u
t
e
r
S
c
i
e
n
c
e
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
A
 
P
n
u
e
l
i
 
S
y
s
t
e
m
s
p
e
c
i
 
c
a
t
i
o
n
a
n
d
r
e
 
n
e
m
e
n
t
i
n
t
e
m
p
o
r
a
l
l
o
g
i
c
 
I
n
R
 
S
h
y
a
m
a
s
u
n
d
a
r
 
e
d
i
 
t
o
r
 
P
r
o
c
e
e
d
i
n
g
s
o
f
F
o
u
n
d
a
t
i
o
n
s
o
f
S
o
f
t
w
a
r
e
T
e
c
h
n
o
l
o
g
y
a
n
d
T
h
e
o
r
e
t
i
c
a
l
C
o
m
p
u
t
e
r
S
c
i
e
n
c
e
 
n
u
m
b
e
r
 
 
 
i
n
L
N
C
S
 
p
a
g
e
s
 
 
 
 
 
B
e
r
l
i
n
 
G
e
r
m
a
n
y
 
 
 
 
 
 
S
p
r
i
n
g
e
r
 
V
e
r
l
a
g
 
 
 
 
 
L
 
P
o
m
e
l
l
o
 
G
 
R
o
z
e
n
b
e
r
g
 
a
n
d
C
 
S
i
m
o
n
e
 
A
s
u
r
v
e
y
o
f
e
q
u
i
v
a
l
e
n
c
e
n
o
t
i
o
n
s
f
o
r
n
e
t
b
a
s
e
d
s
y
s
t
e
m
s
 
I
n
G
 
R
o
z
e
n
b
e
r
g
 
e
d
i
t
o
r
 
A
d
v
a
n
c
e
s
i
n
P
e
t
r
i
n
e
t
s
 
v
o
l
u
m
e
 
 
 
o
f
L
N
C
S
 
p
a
g
e
s
 
 
 
 
 
 
 
 
B
e
r
l
i
n
 
 
 
 
 
 
S
p
r
i
n
g
e
r
 
V
e
r
l
a
g
 
 
 
 
 
W
o
l
f
g
a
n
g
R
e
i
s
i
g
 
P
e
t
r
i
n
e
t
s
a
n
d
a
l
g
e
b
r
a
i
c
s
p
e
c
i
 
c
a
t
i
o
n
s
 
I
n
T
h
e
o
r
e
t
i
c
a
l
C
o
m
p
u
t
e
r
S
c
i
e
n
c
e
 
v
o
l
u
m
e
 
 
 
p
a
g
e
s
 
 
 
 
 
E
l
s
e
v
i
e
r
 
 
 
 
 
 
 
 
 
 
D
 
S
a
n
n
e
l
l
a
a
n
d
A
 
T
a
r
l
e
c
k
i
 
T
o
w
a
r
d
f
o
r
m
a
l
d
e
v
e
l
o
p
m
e
n
t
o
f
p
r
o
g
r
a
m
s
f
r
o
m
a
l
g
e
b
r
a
i
c
s
p
e
c
 
i
 
c
a
t
i
o
n
s
 
I
m
p
l
e
m
e
n
t
a
t
i
o
n
s
r
e
v
i
s
i
t
e
d
 
A
c
t
a
I
n
f
o
r
m
a
t
i
c
a
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
M
 
U
t
t
i
n
g
 
A
n
O
b
j
e
c
t
 
O
r
i
e
n
t
e
d
R
e
 
n
e
m
e
n
t
C
a
l
c
u
l
u
s
w
i
t
h
M
o
d
u
l
a
r
R
e
a
s
o
n
i
n
g
 
P
h
D
t
h
e
s
i
s
 
U
n
i
v
e
r
s
i
t
y
o
f
N
e
w
S
o
u
t
h
W
a
l
e
s
 
K
e
n
s
i
n
g
t
o
n
 
A
u
s
t
r
a
l
i
a
 
 
 
 
 
 
 
 
 
 
J
 
V
a
c
h
o
n
a
n
d
D
 
B
u
c
h
s
 
T
o
w
a
r
d
s
a
c
o
m
p
l
e
t
e
s
e
m
a
n
t
i
c
s
w
i
t
h
n
e
g
a
t
i
o
n
r
u
l
e
s
f
o
r
C
O
 
O
P
N
 
 
 
T
e
c
h
n
i
c
a
l
R
e
p
o
r
t
 
 
 
 
 
 
 
S
w
i
s
s
F
e
d
e
r
a
l
I
n
s
t
i
t
u
t
e
o
f
T
e
c
h
n
o
l
o
g
y
i
n
L
a
u
s
a
n
n
e
 
S
w
i
t
z
e
r
l
a
n
d
 
 
 
 
 
 
 
 
 
 
W
 
V
o
g
l
e
r
 
F
a
i
l
u
r
e
s
s
e
m
a
n
t
i
c
s
o
f
P
e
t
r
i
n
e
t
s
a
n
d
t
h
e
r
e
 
n
e
m
e
n
t
o
f
p
l
a
c
e
s
a
n
d
t
r
a
n
s
i
t
i
o
n
s
 
T
e
c
h
n
i
c
a
l
R
e
p
o
r
t
T
U
M
 
I
 
 
 
 
 
I
n
s
t
i
t
u
t
f
 
u
r
I
n
f
o
r
m
a
t
i
k
 
U
n
i
v
e
r
s
i
t
 
a
t
M
 
u
n
c
h
e
n
 
 
 
 
 
 
 
 
 
 
M
 
W
i
r
s
i
n
g
 
A
l
g
e
b
r
a
i
c
s
p
e
c
i
 
c
a
t
i
o
n
 
I
n
J
 
v
a
n
L
e
e
u
w
e
n
 
e
d
i
t
o
r
 
H
a
n
d
b
o
o
k
o
f
T
h
e
o
r
e
t
i
c
a
l
C
o
m
p
u
t
e
r
S
c
i
e
n
c
e
 
v
o
l
u
m
e
B
 
F
o
r
m
a
l
M
e
t
h
o
d
s
a
n
d
S
e
m
a
n
t
i
c
s
 
c
h
a
p
t
e
r
 
 
 
p
a
g
e
s
 
 
 
 
 
 
 
 
N
o
r
t
h
 
H
o
l
l
a
n
d
 
A
m
s
t
e
r
d
a
m
 
 
 
 
 
  
 
 
B
I
B
L
I
O
G
R
A
P
H
Y
 
 
 
 
J
 
X
u
 
B
 
R
a
n
d
e
l
l
 
A
 
R
o
m
a
n
o
v
s
k
y
 
C
 
R
u
b
i
r
a
 
R
 
S
t
r
o
u
d
 
a
n
d
Z
 
W
u
 
F
a
u
l
t
T
o
l
e
r
a
n
c
e
i
n
C
o
n
c
u
r
r
e
n
t
O
b
j
e
c
t
 
O
r
i
e
n
t
e
d
S
o
f
t
w
a
r
e
t
h
r
o
u
g
h
C
o
o
r
d
i
n
a
t
e
d
E
r
r
o
r
R
e
c
o
v
e
r
y
 
I
n
P
r
o
c
e
e
d
i
n
g
s
o
f
t
h
e
 
 
t
h
I
n
t
 
S
y
m
p
 
o
n
F
a
u
l
t
 
T
o
l
e
r
a
n
t
C
o
m
p
u
t
i
n
g
 
I
E
E
E
C
S
P
r
e
s
s
 
P
a
s
a
d
e
n
a
 
U
S
A
 
p
a
g
e
s
 
 
 
 
 
 
 
 
 
 
 
 
 C
u
r
r
i
c
u
l
u
m
V
i
t
a
e
G
i
o
v
a
n
n
a
A
 
D
i
M
a
r
z
o
S
e
r
u
g
e
n
d
o
E
d
u
c
a
t
i
o
n
 
 
 
 
M
 
s
c
 
M
a
t
h
e
m
a
t
i
c
s
 
U
n
i
v
e
r
s
i
t
y
o
f
G
e
n
e
v
a
D
o
m
a
i
n
 
N
u
m
e
r
i
c
a
l
A
n
a
l
y
s
i
s
 
 
 
 
M
 
s
c
 
C
o
m
p
u
t
e
r
S
c
i
e
n
c
e
 
U
n
i
v
e
r
s
i
t
y
o
f
G
e
n
e
v
a
D
o
m
a
i
n
 
S
o
f
t
w
a
r
e
E
n
g
i
n
e
e
r
i
n
g
R
e
s
e
a
r
c
h
 
 
 
 
 
 
 
 
 
D
i
s
t
r
i
b
u
t
e
d
S
y
s
t
e
m
s
 
D
y
n
a
m
i
c
a
l
l
y
r
e
c
o
n
 
g
u
r
a
b
l
e
e
n
t
i
t
i
e
s
f
o
r
b
u
i
l
d
i
n
g
p
r
o
t
o
c
o
l
s
 
M
o
b
i
l
e
a
g
e
n
t
s
f
o
r
i
m
p
l
e
m
e
n
t
i
n
g
d
i
s
t
r
i
b
u
t
e
d
s
y
s
t
e
m
s
 
S
p
e
c
i
 
c
a
t
i
o
n
s
o
f
s
y
s
t
e
m
s
b
u
i
l
t
w
i
t
h
m
o
b
i
l
e
a
g
e
n
t
s
 
 
 
 
 
 
 
 
 
 
S
o
f
t
w
a
r
e
E
n
g
i
n
e
e
r
i
n
g
 
C
a
t
e
g
o
r
y
t
h
e
o
r
y
 
S
t
e
p
w
i
s
e
r
e
 
n
e
m
e
n
t
o
f
f
o
r
m
a
l
s
p
e
c
i
 
c
a
t
i
o
n
s
 
S
p
e
c
i
 
c
a
t
i
o
n
s
o
f
m
u
l
t
i
 
t
h
r
e
a
d
e
d
t
r
a
n
s
a
c
t
i
o
n
s
 
T
e
a
c
h
i
n
g
 
 
 
 
 
 
 
 
 
S
e
m
i
n
a
r
s
o
n
p
r
a
c
t
i
c
a
l
a
s
p
e
c
t
s
o
f
c
o
m
p
u
t
e
r
n
e
t
w
o
r
k
s
 
E
x
e
r
c
i
s
e
s
o
n
c
o
m
p
u
t
e
r
a
r
c
h
i
t
e
c
t
u
r
e
 
T
u
t
o
r
i
a
l
o
n
a
d
v
a
n
c
e
d
c
a
l
c
u
l
u
s
 
O
t
h
e
r
A
c
t
i
v
i
t
i
e
s
 
 
 
 
 
 
 
 
 
C
o
n
t
r
i
b
u
t
i
o
n
t
o
t
h
e
d
e
 
n
i
t
i
o
n
a
n
d
s
u
b
m
i
s
s
i
o
n
o
f
s
e
v
e
r
a
l
r
e
s
e
a
r
c
h
p
r
o
j
e
c
t
s
r
e
l
a
t
e
d
t
o
a
g
e
n
t
t
e
c
h
n
o
l
o
g
y
 
 
 
 
 
 
 
 
 
 
R
e
v
i
e
w
e
r
 
I
C
A
T
P
N
 
I
N
E
T
 
E
u
r
o
p
e
a
n
P
r
o
j
e
c
t
s
 
 
 
 
 
 
M
e
m
b
e
r
o
f
P
r
o
g
r
a
m
C
o
m
m
i
t
t
e
e
o
f
I
n
t
e
r
n
a
t
i
o
n
a
l
W
o
r
k
s
h
o
p
s
 
A
A
 
 
 
 
 